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An experimental apparatus capable of making accurate 
measurements of enthalpy differences was designed, constructed, 
and tested. The basic unit is a Freon 11, CFCl^, boil off 
calorimeter using three chambersj a vacuum chamber, a freon 
heat shield, and an inner measurement chamber.
Temperatures were measured with platinum resistance 
thermometers, calibrated against a standard Leeds and 
Northrup platinum thermometer. Resistances were measured 
with a Fluke multimeter.
Step by step operating procedures for all the equip­
ment and instruments are presented for use by future 
operators. After further testing, future operators will 
use samples of coal derived liquids supplied by Bartles-i
ville Energy Research Center, Bartlesville Oklahoma.
Enthalpy differences for water were measured for 
several points over the operating range of the equipment. 
Conditions were selected to best indicate the type of 
errors present in the measurements.
Steps were taken to decrease the error to within the 
allowed one Btu/lbm limit. Although the accuracy was 
achieved on a few runs, modifications of the equipment 
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INTRODUCTION .
Coal derived liquids are a new and vital class of 
industrial compounds, but have thermodynamic properties 
that are largely unknown and, presently, unpredictable.
This information of thermodynamic properties is needed to 
make more efficient design calculations of equipment using 
these new liquids. Enthalpy measurements offer a greater 
amount of information to the design engineer than other 
thermodynamic properties since they can be used directly 
in the determination of process heat loads.
The purpose of this project was to design and construct 
an experimental apparatus capable of making enthalpy 
measurements accurate to within one Btu/lbm. The apparatus 
was tested by measuring the enthalpy of water over the 
pressure range of 5OO-I5OO psi and a temperature range of 
150-55°° F and comparing the data obtained with that in 
the literature (1). Water was chosen for comparison purposes 
because it is readily available and realiable enthalpy data 
is available.
In the future this apparatus will undergo further 
testing with water before undergoing tests with n-pentane. 
Upon completion of the n-pentane tests, the apparatus will 
then be used on coal derived liquid samples supplied by 
the Energy Research and Development Administration,
C O U M fflQ  SCHOOL. a* W M
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Bartlesville Energy Research Center, Bartlesville,
Oklahoma.
This thesis presents a complete description of how 
the apparatus was constructed along with design information. 
Included are test run results describing operating 
characteristics, and accuracy of the measurements made.
The thesis also contains complete calibration data for 
the platinum resistance thermometers, pressure gauge, and 
pressure transducers, and complete operating instructions 
for the apparatus and instruments.
S tSBEOT 
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PROCESS SELECTION
A review of the calorimetric methods and interpre­
tation of experimental results for the enthalpy of fluid 
mixtures under pressure has been presented recently (2). 
Flow calorimetry is best suited for measurement of enthalpy 
since, unlike batch calorimetry, enthalpy is obtained 
directly without the need for extensive volumetric data.
The first law of thermodynamics applied to a flow 
calorimeter with negligible potential and kinetic energy 
effects iss
where H«p2 ,p2 and hTi*Pi represent the enthalpies per unit 
mass of the fluid at outlet and inlet conditions respec-
W is the net rate of work input? F is the mass flow rate; 
and x represents a constant overall composition. Flow 
calorimeters can be used to measure the variation of 
enthalpy with temperature and pressure depending upon the 
manner in which temperature and pressure are controlled. 
The two major kinds of methods used to determine 
enthalpies of fluids by flow calorimetry are the direct 
measurement where a known quantity of energy is added to 
the fluid under study, and comparative measurement where
(1 )
tively? Q is the net rate of heat transfer to the fluid;
3
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a knowledge of the specific heat or latent heat of a 
reference fluid is used to determine the energy input (2). 
The comparative method or more specifically a reference 
fluid boil off calorimeter similar to that originally 
developed by Nelson and Holcomb (3) was selected to be used 
in this study. In-such a calorimeter energy is added to 
the fluid under study by heat transfer to a boiling fluid. 
The amount of energy added is determined from a knowledge 
of the latent heat of vaporization and the quantity of 
reference material boiled away.
The reasons for selecting a boil off calorimeter for 
this study are the followings
1) Boil off calorimeters are more suited for the 
measurement of enthalpy differences over large temperature 
ranges than direct measurement methods which are more 
suitable for determining heat capacities. For this 
apparatus large temperature differences are required since 
the processing of liquid fuels generally involves tempera­
ture changes of process streams of between room tempera­
ture to at least 700° F.
2) Boil off calorimeter systems are generally simpler, 
less costly, and less subject to equipment failures.
3) Although less accurate than direct calorimeters, 
boil off calorimeters can be developed with an accuracy of
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about 1 Btu/lbm (3) which is within the accuracy of 
engineering process design calculations.
In all calorimetry programs the major concerns in 
obtaining accurate experimental data generally are the 
minimization of heat losses from the calorimeter and the 
accurate measurement of flow rate. The basic relation for 
a flow calorimeter, equation 1, when applied to a boil off- 
calorimeter becomes:
where Fr is the mass rate of reference fluid boiling off,
Ar is the latent heat of reference fluid, and q is the 
heat loss from the calorimeter-reference fluid system 
which in general must be estimated and represents a limita­
tion in the accuracy of a measurement. The above relation 
is obtained since for boil off calorimeters:
From equation 2, one can see that the heat loss 
error term is q/F and is thus inversely proportional to 
flow rate. Furthermore, as flow rate decreases, the 
accurate measurement of flow rate becomes more difficult. 
Thus, most calorimetry facilities, as with this one, have 
been developed to operate at flow rates in the order of
(2 )




one gallon per hour to minimize heat Iobg effects and to 
obtain accurate flow rate measurements (3»*0-
The enthalpy differences are obtained at constant 
total composition between a given temperature and the 
reference fluid boiling point temperature. Freon 11, CFCl^, 
is used as the reference fluid in this apparatus since it 
boils around room temperature (3)* The calorimeter was 
constructed to operate at essentially constant pressure. 
Thus, the- final results will consist of enthalpy differ­
ences at constant pressure levels between different 
temperatures and room temperature. To obtain the effect 
of pressure on enthalpy at any temperature it is necessary 
to tie ini the data to results for enthalpy as a function 
of pressure for at least one isotherm. This can be done 
at room temperature for the liquid sample by integrating 
the relation:
using measured values of the sample volume at room temper­
ature, Since the effect of pressure on enthalpy is small 
for liquid hydrocarbons, generally of the order of 5 Btu/lbm 
over a pressure range of 2000 psi (2), accurate values of 
volume are not required to determine the effect of pressure 
on enthaJLpy to within one Btu/lh^-
In the two phase region the determined enthalpy values
(|f )t = v - T (§£)p (3)
-gOlDEtt* *
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represent the total enthalpy of a vapor-liquid mixture with 
a combined composition equal to that of the original sample 
Such results are required to determine heat loads for heat 
transfer equipment; however, for phase separation equip­
ment a knowledge of vapor-liquid equilibria is required.
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EQUIPMENT DESIGN
Since the development of the original boil off 
calorimeter by Nelson and Holcomb C3)» boil off calori­
meters of numerous designs have been used under a variety 
of conditions, and their capabilities are well documented. 
Table 1 presents a listing of the boil off calorimeters 
that have been used, and the conditions under which they 
were operated, Th© design incorporated in this apparatus 
was developed after careful study of the ones listed in 
Table 1•
Calorimeter
The actual design work for the calorimeter was done 
by Dr. A. J. Kidnay and Dr. V. F. Yesavage in consultation 
with Cryogenic Engineering Incorporated, the fabricator.
Figure 1 shows a scale drawing of the calorimeter design 
used in the apparatus. All calculations were based on a 
maximum change in enthalpy of 800 Btu/lbm.
The calorimeter is constructed of 30^ stainless 
steel except where it is in contact with the sample oil, 
where 316 stainless steel is used. The inner chamber 
constitutes the boiling bath. The 35 foot long coil of 
1/8 inch outside diameter stainless stell tubing provides 






Nelson & Holcomb (3)
Jenkins & Berwaldt (5)
Sahyal et al (6)
Wiener (7)
Lenoir & Hipkin (*0
Laverman &
Selcukoglee (8)
Dolan et al (9)
Banks & Haselden (10)
Eakin et al (11)








Freon 11 Polar Liquids Constant P
Liq. Nitrogen Fixed Gases Constant P
Liq. Nitrogen Fixed Gases Constant P
Freon 11 Gases & Liquids Pressure Drop
Freon 11 Liquids Constant P
Liq. Nitrogen Fixed Gases 
Liq. Nitrogen Fixed Gases 





Constant P & 
Pressure Drop 
Constant P








— 14. FREO N LEVEL INDICATOR
1. SUPPORT BAR
2 VACUUM  JACKET
3 . DEM ISTER
4. OUTER FREON JACKET
5. INNER FREON JACKET WITH  
INSULATED C O A TING
15. PLATINUM RESISTANC  
THERMOMETER
16. INSULATING TUBE6. THERM O CO UPLE  
C O N NECTO R 17. FREON LEVEL
7. INLET THER M O C O U PLES
8. O -R IN G  COUPLER
on in c z ~ = 4 . _
9. EXPANSION- 
B ELLO W S
10. PLATINUM R ESISTAN C E  
THER M O M ETER 18. PLATINUM RESISTANCE  
THERMOMETER
19. OUTLET THERMOCOUPLE  
on OUT
11. ISO LA TIO N  JACKET
12. CALORIM ETER  
COIL
13. FREON FEED TUBE
INCHES — 20. VACUUM VALVE
FIGURE /  FLOW CALORIMETER
T-1889 It
oil down to within 1° F of the freon bath.
The freon vapors that boil off from the inner chamber 
travel through the demister before leaving the calori­
meter, The demister removes all forms of liquid from the 
exit stream allowing only the vapor to leave.
The middle chamber contains boiling freon. It acts as 
an insulating barrier by eliminating any temperature differ 
ence between the inner chamber and its surroundings. It al 
increases the capacity of the calorimeter for holding freon 
since the two chambers are connected by the freon feed tube 
The outer chamber is evacuated by the vacuum system 
to provide another insulating barrier. To be effective,
_ if,the vacuum has to be less than 7 x 10 millimeters to 
increase the mean free path (l̂ ) until the distance is 
that equal to the widest distance of the chamber.
Heating System
To avoid hot spots in the sample oil lines, a gradual 
heating of the sample is desired. This is accomplished 
through the use of a fluidized bath containing a 25 foot 
coil to gradually heat the sample. An electric final 
heater is used to achieve the final temperature desired 
before entering the calorimeter.
The location of the final heater is shown in figure
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cartridge heater manufactured by Control Products 
Corporation. It is capable of heating the sample oil 
approximately 100° F. It is to be used to adjust the 
temperature for several points while the preheater 
bath temperature remains constant.
Pumping System
A Milton Roy dual diaphragm pump is used to deliver 
the sample oil through the system at the desired pressure. 
A Grove back-pressure regulator, dome loaded type, is 
located at the outlet of the calorimeter to set and
maintain the pressure of the system.
To alleviate the problem of surges caused by the 
pump, a Greer bladder accumulator was installed in the 
system prior to the preheater bath. The bladder accumu­
lator introduces a gas, nitrogen, into the system to 
absorb the energy of the pump strokes. The nitrogen, 
which is separated from the system by a barrier, releases 
the absorbed energy between strokes of the pump to 
stabilize the flow. The static pressure of the nitrogen in
the bladder is set equal to the pressure of the system at
the location at which it is connected.
Condensers
Based on a one cubic centimeter per second flow of
T-1889
sample oil, the condensers were sized using heat transfer 
correlations for condensing freon (15)« The temperature of 
the coolant for the condensers was selected to be 3°° F 
for the calculations.
The main condenser has an area of 9*1 square feet 
while the small one has an area of 2.1 square feet.
Both are manufactured by American Standard. The small 
one is mounted as a reflux condenser with the top vented to 
the atmosphere. The larger one is mounted as a counter flow 
condenser to allow for sub-cooling of the freon. All vents 
are connected to a dryer to prevent water from collecting in 
the freon system through the condensers.
Collection System
The collecting tubes for the sample oil and freon are 
3 inches in diameter and 15 inches long. Samples collected 
in the tubes are kept below 2000 grams total to allow 
them to be weighed on the single pan balance, manufactured 
by Kettler. This eliminates the use of volumetric infor­
mation and determines the mass directly.
Rpfrigeration System
The refrigeration unit was selected, based on the 
maximum heat load possible. It is a 13.000 Btu/hour 
water chiller manufactured by Dunham-Bush and greatly
T-1889
exceeds the value of 6000 Btu/hour calculated to be needed 
Flowmeters controlling the flow to the condensers are 
located to the left of the unit.
Vacuum System
To obtain the vacuum necessary, a diffusion pump 
is needed. A portable unit with gauge was assembled by 




A schematic diagram of the experimental apparatus 
is presented in figure 3* It illustrates the positions 
of the different streams and the support equipment 
involved to operate the apparatus.
The layout of the equipment was dictated by the 
requirements made necessary by the samples to be handled.
The initial layout was made using the calorimeter as a 
reference with an effort to minimize size and maximize 
ease of access.
The possibility of two-phase flow developing in the 
sample line after heating determined the layout of the 
piping. This consisted of a constant downward movement of 
the stream once the heating process began to prevent 
trapping of the liquid in a low spot and vapor in a high 
spot. Eliminating the availability of traps allows for 
a more uniform flow without separation of the phases.
Another factor considered in the sample line layout 
was the expected small amount of some of the samples.
This called for the shortest possible piping between 
equipment located in the sample stream.
Factors influencing the layout of Freon 11, CFCl^, lines 
included the gravity forced flow from the large condenser; 
minimizing length of lines; the low boiling point, approxi-
16
SYMBOL INDEX FOR FIGURE 3
BA Bladder Accumulator
F In-line Filter
FCT Freon Collection Tube
FH Final Heater
FP Freon Pump









SOCT Sample Oil Collection Tube
ST Surge Tank
T Temperature Indicating Device
VF Vapor Fill
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mately 65° F, at this altitude; and the size allowed by room 
dimenaiona.
Gravity forced flow from, the large condenaer dictated 
ita poaition above the collection tubea and at a height 
determined by the size of equipment required between the 
two. The compactness of the equipment waa again necessary 
to maintain the length of linea aa short aa possible and 
also due to limited ceiling height in the laboratory. The 
low boiling point of the freon called for apecial meaaurea 
to be taken in the handling to prevent excessive loaa 
during filling and draining aa well aa during operation.
The actual equipment is mounted on a frame of slotted 
angle steel 8 feet wide, 4 feet deep, and 10 feet high, with 
a 2 l/2 foot extension on the front for the control panels. 
Aluminum panels were used to mount the controls and to 
construct the safety shielding around the preheater bath.
Sample System
The sample system ia mainly made of 316 stainless 
steel to handle the corrosiveneaa of liquids derived from 
coal. The main lines are 1/16 inch inside diameter and 1/8 
inch outside diameter and the connecting lines around the 
surge tank are 3/8 inch outside diameter. The surge tank 
is made of 3°̂ - stainless steel, has a capacity of 2.25 
liters, and is mounted vertically. Manufactured by Hoke,
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it is a high pressure sample cylinder with 1/2 inch NPT 
openings at both ends.
The fill port connects with the lower opening of the 
surge tank to allow air to escape out the vent, which is 
connected to the upper opening, without being trapped by the
sample as it flows in. A drain valve is connected to the lower
opening where the feed line to the main pump originates.
The main pump is a Milton Roy dual diaphragm metering 
pump, capable of capacities of up to two gallons per hour 
and of pressures up to 1800 psi. The dual diaphragm pump 
was selected for its ability to level out the pulsating in 
the flow with its double action.
An in-line filter was included after the pump to
remove particles from the stream. If allowed to stay in
the stream, small particles could collect in a stagnant 
corner created by change in tubing diameter, and dislodge 
and travel down stream to plug up the small diameter 
tubing. The filter elements are compressed stainless 
steel with 60 micron sized openings.
Before the preheater, a tee is located in the line to 
allow for the installation of a bladder accumulator to stabi­
lize the pressure. The bladder accumulator, manufactured by 
Greer, incorporates a nitrogen filled bag to absorb the force 
gen filled bag to absorb the force of the pump stroke.
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of the pump stroke. This acts as a cushion for the liquid
without pressure surges.
The preheater, manufactured by Techne, is a fluidized 
bath. Air is injected into the bath at the bottom to 
agitate the fused alumina sand to produce a safe heat 
transferring medium. A coil made of a 25 foot length of 
tubing was installed into the bath to provide an adequate 
heat transferring area.
The final equipment assembly before the sample stream 
enters into the calorimeter contains a water-cooled 
pressure transducer by Precise Sensors, the final heater by 
Control Products Corporation, and a platinum resistance 
thermometer, in that order. The pressure transducer is 
water-cooled to hold the temperature of the sensor within 
the limits of the transducer. The final heater is a rod- 
type, controlled by a Honeywell three mode controller.
After leaving the calorimeter, the sample line con­
tains a platinum resistance thermometer to accurately 
measure temperature. This is followed by a pressure 
transducer and a Heise bourdon tube gauge to measure 
pressure. A back pressure regulator, made by Grove, is 
next in the line to maintain the systems pressure. The 
regulator is dome loaded with the pressure being set by
ample system which is unable to react to the pump's stroke
*HKos5»oi.«i»"raggjgjysssM***
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pressurized nitrogen. The sample is then sent back to the 
surge tank or to the collecting tube by a three v/ay sole­
noid valve.
Freon System
The calorimeter's two inner chambers hold approximately 
twelve gallons of Freon 11, CFCl^. The measurement is made 
with the boil off freon from the inner chamber. The outer 
chamber of Freon 11 acts as insulation and a surge tank to 
increase the capacity to better maintain the level during 
long running periods.
The boil off from the inner chamber which is used 
for the actual measurement, passes through a mist trap to 
allow only the vapor to exit. The vapor then passes a 
platinum resistance thermometer which measures the tempera­
ture before entering a heated tube leading to the large 
condenser. The tube is heated to prevent condensing of 
the vapor before it reaches the condenser. Once the vapor 
condenses in the large condenser, it flows past a vent, 
through a vapor trap, to three-way valve. The three- 
way valve directs flow to either the recycle or the 
collection tube.
The recycle line goes to a return heater. The return 
heater is a heated glass flask that is vented to a loca­
tion below the small condenser and drains through a
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metering valve into the outer Freon 11, CFCl^, chamber of 
the calorimeter. The return heater is used to heat the 
subcooled liquid freon to the saturation point before 
allowing it to enter the calorimeter. This is done by 
allowing the freon to boil before opening the metering valve.
The outer chamber of Freon 11 is used as insulation 
and a surge tank. Its boil off is caused by heat transferred 
from the outside of the calorimeter. The vapor then travels 
to the small condenser, which is vented to the atmosphere, 





Enthalpy measurement is highly sensitive with respect 
to temperature. Small errors in the temperature measure­
ment cannot be overlooked. Temperature measurements that 
are not directly involved in the enthalpy calculations 
are measured with iron-constant thermocouples connected to 
an Omega digital readout. The temperatures at the locations 
of the thermocouples are excellent indicators as to how the 
equipment is operating.
At locations requiring more accurate measurement, 100 
ohm platinum resistance thermometers are used. They are 
sheathed in 316- stainless steel and are located in the 
sample inlet and outlet of the calorimeter and in the 
Freon 11 outlet of the calorimeter.
A digital volt/ohm meter, manufactured by John Fluke 
Company, provides accurate measurement of the resistance 
thermometers output. The meter incorporates a four lead 
connection to duplicate the type of readings available 
from a mueller bridge, but with greater speed.
To check for temperature gradients in the sample 
stream at the calorimeter inlet, several thermocouples 
are located on the sample inlet tube. They are spaced 
one inch apart on the outside of the tube. To magnify
23
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even the slightest gradient, the digital volt/ohm meter is 
used along with a cold junction compensator.
Pressure
Sample system pressure is measured at both the inlet 
and outlet of the calorimeter to obtain operating pressure 
as well as the pressure drop across the calorimeter coil. 
The pressure drop is measured with two pressure trans­
ducers, one at the inlet and one at the outlet to the 
calorimeter. A Hewlett-Packard D.C. power supply is used 
to input the 10 volt signal necessary for the transducers. 
The Fluke meter is used to measure the output signal 
which is then converted to pressure.
The bourdon tube gauge is located at the outlet and 
measures the pressure directly. It is also used as a 
standard when calibrating the pressure transducers.
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CONTROLS
The most used controls are located on the front 
panels with lesser used controls located throughout the 
equipment. The right front panel, Figure b, is the main 
control panel. Several remote valves are electrically 
operated and are controlled from this panel as well as 
most of the measurement readouts. Also located on this 
panel are the power switches for most of the equipment, 
final heater controller, run switch, timer, Fluke meter, 
temperature indicator, and D.C.,power supply. Switches 
to change the input to the Fluke meter and temperature are 
located on the lower portion of the right panel.
The middle panel houses the collection tubes. Drains 
for both tubes are located on their respective sides. The 
return flow metering valve for the freon return heater is 
mounted on the upper left corner of the middle panel.
Coolant control valve on the upstream side of the collection 
tube for the freon, is located to the right of the collection 
tube.
The left panel, figure 5» contains the Heise bourdon 
tube gauge, cooling water and air flow meters, preheater 
controller unit, and variacs. The air flow meter controls 
the flow to the preheater bath to fluidize it. The water 




SYMBOL INDEX FOR FIGURE 4
1. SCR Indicating light
2. Vacuum system power switch
3. Maim pump power switch
4. Maim electric control panel (Switches)
a } Blank
b } Blankc) Blank
d ) Blank
e) Solenoid Group A
f } Solenoid Group B
g) Solenoid Group C





m ) Fluke m u ltimeter
n ) Temperature indicator
o) B.C . power supply
p) Final heater temperature controller
5. Final heater temperature controller




10. D .0► power supply
11. Pressure: transducer input voltage control s
12. Fluke multimeter input switch
13. Thermocouple switch (Fluke multimeter)
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RIGHT MAIN CONTROL PANEL
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SYMBOL INDEX FOR FIGURE 5
1. Heise bourdon tube pressure gauge
2. Air flow meter for preheater
3- Preheater temperature controller
U. Heise gauge disconnect valve.
5* Water coolant flow meter for inlet pressure transducer
6. Variac for freon return heater
7. Variac for freon outlet line heater
*2 " t* ̂ n
H6H up nCn cQ
1 FOOT
Figure 5 
LEFT MAIN CONTROL PANEL
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pressure transducer. One variac controls the freon return 
heater and the other controls the freon line to the large 
condenser. The valve below the Heise gauge separates the 
bourdon tube from the system to protect it when the system 
fluctuates. It should be closed during start up and shut 
down of the pump as well as when the system's pressure 
surges, to prevent damage to the bourdon tube.
The nitrogen regulators located on the cylinders to 
the right of the control panels are used to control the 
system's pressure. The left cylinder supplies the 
bladder accumulator which stabilizes pressure. The right 
regulator supplies the back pressure regulator and is 
used to set the operating pressure.
Between the refrigeration unit and the nitrogen 
cylinder rack is a small panel located on the main frame. 
This panel contains control valves for nitrogen flow and 
for coolant flow for the freon collection tube. The 
large valve is located downstream from the collection tube 
in the coolant line. It is used in conjunction with the 
upstream valve to isolate the tygon tubing used. The 
small valve on the left is located between the nitrogen 
regulator and the bladder accumulator to close off the 
system from regulator fluctuations. The three remaining
valves are connected to the nitrogen regulator for the
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back-pressure regulator. The left valve of the three, 
connects the cylinder to the back pressure regulator.
The top one connects the cylinder to the sample surge 
tank for flushing the system. The right valve is a vent 
to release pressure of either the flush line or back­
pressure regulator line.
Other controls are located throughtout the apparatus 
on the equipment they control. The equipment which have 
controls on them are the main pump, preheater bath, 
vacuum system and refrigeration system. These controls, 
along with valves not mentioned in the discussion of the 




The following section describes the experimental proce­
dure used in operating the equipment, given for a totally 
shut down apparatus. The purpose of this section is to 
describe what was done and to give a step by step procedure 
to be used by future operators.
Preparation
1) Fill the calorimeter with Freon-11 until the 
float level is approximately level with the 
slotted angle steel through which the float 
travels.
2) Connect two nitrogen gas cylinders to the reg­
ulators to the right of the control panel. 
Cylinders should have a pressure of at least 
100 psi greater than the system pressure to be 
maintained during operation.
3) Fill the refrigeration unit with a 50-5° mixture 
by volume, of distilled water and ethylene glycol. 
The fill is located on the front panel above the
-level sight glass, which has a vent at the top to 
be opened only during filling. Liquid will flow 
out of the vent when the holding tank is full.




within three inches from the top.
5) Fill surge tank with approximately 1.5 to 2.0 
liters of sample to be tested.
Daily Start-up
1) Turn on refrigeration unit to cool the condensers.
2) Turn on vacuum system to evacuate the outer 
chamber of the calorimeter.
3) Turn on air flow to preheater bath and adjust 
the flow to 120 cubic feet per hour. Turn on 
preheater controller and adjust to desired 
temperature.
*0 Turn on instruments, including the temperature
indicator, DC power supply, and Fluke multimeter.
5) Activate solenoid group A when refrigeration outlet 
temperature drops below 30° F to open the freon 
system.
6) Adjust pressure transducer water coolant flow 
rate to 3*5 gallons per hour. Open valve to 
allow Heise gauge to read pressure. At zero 
gauge pressure, measure the output of the inlet 
pressure transducer with a 10 volt input.
Record this value for later calculations.
7) Close the valve to the Heise gauge. Turn on
the main pump and set its stroke metering to obtain
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a one cubic centimeter per second flow rate. Set 
the back pressure regulator at approximately 100 
psi greater than the desired system pressure to 
pressurize the system.
8) After allowing the pump to run for 20 to 30 
seconds, pressurize the bladder accumulator to 
a pressure approximately 20 to 40 psi greater 
than the system pressure. Gradually open the 
valve to the Heise gauge. If fluctuations in 
pressure 'occur, adjust the pressure of the bladder 
accumulator to minimize pump surges.
9) Turn on the variac that controls the heat to the 
freon outlet line. ^et dial reading to 30.
10) Close off metering valve for freon return heater 
until the liquid level is visible from a position 
in front of the control panel. Turn on the variac 
that controls the heat to the return heater and 
adjust metering valve to keep the level constant.
11) Adjust the final heater controller to the 
desired temperature and turn on.
Collecting Data
1) Allow time to reach steady state and record
temperatures and pressures to monitor the system's 
conditions.
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3) The vacuum in the jacket should be below 0,7 microns 
to be effective. Check to make sure it has had 
time to reach this condition.
4) Once the temperature and pressure have stabalized, 
the equipment is ready to operate at the condi­
tions set.
5) To collect the fluids (the sample flowing through 
the calorimeter and the freon that has boiled off), 
push the run button on the right panel. This 
activates the timer and three-way solenoid 
valves. (A manual valve was used in the freon 
line. A solenoid valve is being sought to replace 
the manual valve at a future date.) Once the 
system is collecting, temperatures and pressures 
are recorded to make required calculations and
to check stability during the run. The level of 
the float must remain constant during the run 
to maintain a steady state.
6) To end the run, the run button is pushed again 
to de-energize the three-way solenoids and stop 
the timer. The collection tubes are weighed to 
determine the amounts collected.
7) The tube located on the left side of the center 
front panel is then connected to drain the sample
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into the surge tank.
8) The tube located on the right side of the center 
front panel is then connected to drain the freon 
back to the calorimeter. Solenoid groups C
and D and the freon pump are turned on to drain 
the collection tube.
9) After draining, replace the collection tubes 
with clean ones that have been v/eighed. Then 
repeat the steps of collecting data for the 
conditions of the next run.
Daily Shut-down
1) Turn off freon return heater variac and open
the freon return metering valve completely.
2) Turn off the final heater controller and pre- 
heater controller, leaving the air supply to 
the preheater on.
3) Turn off the vacuum system, allowing time for 
the diffusion pump to cool.
4) Allow time for the preheater to cool to below 
180° F before turning off its air supply.
5) After cooling off the preheater, turn off the 
main pump and remove the pressure from the back­
pressure regulator and then from the bladder 
accumulator.
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6) Turn off the freon outlet variac, Fluke meter, 
temperature indicator, and D.C. power supply.
7) When flow stops through the return heater, 
turn off solenoid group A. At this time the 
refrigeration usit can be shut off. If a run 
is to be made the next day, it is advisable to 
leave it on.
Freon Filling and Draining
1) Connect the Freon 11 barrel to filling lines lo­
cated directly behind the calorimeter. The 
refrigeration unit must be on and cooled to 
operation temperature before filling or draining.
2) Open the valves.on the barrel and on the 
apparatus.
3) Turn on the solenoid group D and and freon pump to 
fill the calorimeter. Solenoid group A must be 
open to allow the two freon chambers to be at the 
same pressure. The calorimeter is full when the 
float is approximately six inches high in its 
guide tube.
4) ‘ Once the calorimeter is filled, the freon pump and
solenoid group D are turned off, and the valves 
are closed that connect the barrel to the 
apparatus.
Solenoid group B controls the vapor fill. This 
is to be open to transfer vapor from the barrel 
to the calorimeter through the condenser. This 
is used to decrease pressure in the barrel and 
to empty it as far as possible.
To empty the calorimeter, the barrel must be 
connected and valves open to permit evacuation. 
The apparatus needs to be set up to run hot 
fluid through the calorimeter coil and set in 
the run position.
Open solenoid group C and stop cock at the 
bottom of the collection tube to allow flow
through to the barrel. Pressure in the barrel 
is released by turning on solenoid group B, 
allowing vapor flow into the calorimeter.
This is continued until the outlet sample stream 
from the calorimeter starts increasing in temp­
erature to a value of 80° F. The main pump 
and the heat controllers are then turned off. 
When the flow of freon from the calorimeter stop 
solenoid group C is closed along with the 
connecting valves to the barrel. The calori­
meter is then dismantled to remove the remaining
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TEST RUN RESULTS
A total of twenty test runs were made with distilled 
water to determine the accuracy of the equipment. The 
equipment was modified when the data indicated an equip­
ment or design failure. Values of enthalpy differences 
measured were compared to values published (1). Table 
2 list the results of the last ten runs. They were made 
after the last corrective measure was made during the 
twenty test runs.
Corrective Measures
Test runs one and two were invalid due to a faulty 
valve. The three-way valve for the Freon 11 system was 
not capable of handling the freon and deteriorated to 
the point of not changing the flow completely.
Test runs three through seven indicated a- restric­
tion of the flow to the freon collection tube. The 
quick-disconnect that was being used in that line was 
replaced by tubing of a larger inside diameter.
During test run ten a leak developed inside the 
calorimeter and made necessary its dismantling. Data 
collected on runs eight through ten were disallowed due 


















11 1.16 564 256.2 182.6 190.7
12 1.24 565 25^.2 182.7 188.9
13 Leakage Through Collection Tube
14 .73 1418 174.5 102.8 107.5
15 .72 1430 175.5 105.1 109.2
16 .70 1526 5^7.6 485.2 507.3
17 .67 1517 515.0 447.7 461.3
18 • **3 546 275.1 202.9 210.2
19 .95 565 277.3 209.1 212.5
20 1.93 600 274.5 208.3 209.3
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Indications
The results of the following runs were then used to 
determine the type of errors still remaining in the equip­
ment, Graphs one and two illustrate the trends in the 
measurements taken.
Graph one indicates a heat leak that is dependent on 
time. The error values are shown to be inversely propor­
tional to the flow rate. As the length of the run is 
increases, the error in measurement is increased by the 
constant heat flux from the boil off chamber of freon in 
the calorimeter to its surroundings. The middle chamber 
of freon was found to be at a lower temperature than the 
inner chamber. This would cause the type of error realized. 
To compensate for this, the. freon from the small condenser 
needs to be heated to its saturation temperature before 
entering the outer chamber.
Graph two indicates a conduction heat leak, since the 
error is proportional to the inlet temperature of the 
sample. This would point to a path for conduction from 
the inlet tube assembly to the outer chamber of freon, 
the inlet thermocouples were removed to eliminate any 
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Although several faults in the equipment were corrected 
during the first twenty test runs, it is necessary to make 
more test runs to see if any more errors exist. The runs 
should be made using distilled water and then n-pentane 





1. Replace inlet thermocouples with a better set-up to 
eliminate any form of heat loss,
2. Reroute the return flow from the small condenser 
through an apparatus similiar to the return heater 
before allowing it to enter the calorimeter.
3- Replace the drain lines for the freon collection
tube with 3/8 inch copper tubing that is insulated.
4. Modify the freon collection lines to establish




Platinum Resistance Thermometer Calibration
The Report of* Calibration from Leeds and Northrup 
Company for the calibrated thermometer is presented in 
this appendix. The report is followed by information 
on the calibration of the 100-ohm platinum resistance 
thermometers used in the system, including calibration 
procedures, results, and the method to determine the 
results from the raw data.
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LEEDS & N O R TH R U P C O M P A N Y Sumneytown Pike • North Wales, Pennsylvania 19454
REPORT OF CALIBRATION
FOR
8 1 6 7 - 2 5 - B  PLATINUM RESISTANCE THERMOMETER
SERIAL NO. 1835855
oOo-
The above d e s i g n a t e d  p l a t i n u m  r e s i s t a n c e  thermometer  was c a l i ­
b r a t e d  in  Oct ob e r ,  1975 f o r  use w i t h  c on t i nu o u s  c u r r e n t  o f  1 . 0  m i l l i a m p  
t h r o u g h  t h e  t he r mome t e r .
The f o l l o w i n g  v a l u e s  were  found f o r  c o n s t a n t s  in the  f o r mu l as  
g i v e n  i n  t h e  I n t e r n a t i o n a l  P r a c t i c a l  T e mper a t u r e  S ca l e  o f  1968 ( I P T S - 6 8 ) :
The p e r t i n e n t '  I n t e r n a t i o n a l  P r a c t i c a l  T e mper a t ur e  S c a l e  f o r mu l as  
a r e  g i v e n  in  t h e  d i s c u s s i o n  on t h e  f o l l o w i n g  pages.
The v a l u e s  g i v e n  were  d e t e r mi n e d  f rom measurements a t  t he  t r i p l e  
p o i n t  o f  w a t e r ,  t i n  p o i n t ,  z i n c  p o i n t  and the  b o i l i n g  p o i n t  o f  oxygen.
thermometer  r e f e r e n c e  s t a ndar ds  c a l i b r a t e d  a t  r e g u l a r  i n t e r v a l s  by the  
N a t i o n a l  Bureau o f  S t a n d a r d s .  The most r e c e n t  r e f e r e n c e  s t andar d  c a l i b r a t i o n  
I s  d a t e d  Oct ob e r ,  197*+; N. B.  S.  T e s t  No.  211 4 32 .
A l pha  (a )  -  0 . 0 0 3 9 2 6 5 7 3
D e l t a  (6 )  -  1 .4 9 6 3 4 0
Aj| -  6 . 0 6 3  x 10 - 7  
C/, -  2 . 1 2 2  x 1 0 - 11*
The r e s i s t a n c e  a t  0°  C was found t o  be 2 5 . 5 1 0 4  ohms
A l l  o b s e r v a t i o n s  were made by compar ison w i t h  p l a t i n u m  r e s i s t a n c e
For  t he  Vice P r e s i d e n t - I n s t r u m e n t s  &  Products  Group
R. n. vcruy
Manager ,  S tandards  L a b o r a t o r y
October  21 ,  1975 COLOHAPO SCHOOL of
TELEPHONE: 215 643-2000 • CABLE AOORESS "LEEDSNORTH \ V
FORM I 84 • 147 * 3 (ft£V. 4/74)
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TEMPERATURE RANGE:__0°  TO 6 3 0 . 7 4 °  C
Tempera t ures  between 0°  C and 6 3 0 . 7 4 °  C on the new I n t e r n a t i o n a l  
P r a c t i c a l  Temper a t u r e  S c a l e  o f  1368 ( I P T S - 6 8 )  a r e  d e f i n e d  by the i n d i c a ­
t i o n s  ( r e s i s t a n c e  v a l u e s )  o f  s t andar d  p l a t i n u m  r e s i s t a n c e  thermometers  
and t he  f o l l o w i n g  e x p r e s s i o n s :
t  -  t *  + M ( t ' )  ( 1 )
*  a ^  ~ 1 * + 6 ^TOO TOO
M ( t » )  *  . 04 5  (j q q ) - 1 )  “ 0  ^630.74  _1  ̂ ^
where t  i s  t h e  t e m p e r a t u r e ,  a t  t he  o u t s i d e  o f  the  tube p r o t e c t i n g  the  
p l a t  inum r e s i s t o r ,  in 0 C on the I n t e r n a t i o n a l  P r a c t i c a l  Temperature  Scale  
o f  1368»and R^ and R0 a r e  the  r e s i s t a n c e s  o f  the p l a t i n u m  r e s i s t o r  a t  t °  
and 0°  C r e s p e c t i v e l y ,  measured w i t h  a cont i nuous  c u r r e n t  through the  
p l a t i n u m  r e s i s t o r .  The v a l u e  o f  t h i s  c u r r e n t  and the v a l ues  o f  the  con­
s t a n t s  a and 6 found f o r  t h i s  thermometer  a r e  g i v en  on the p r ev i ous  page.
The v a l u e  o f  M ( t ' ) ,  g i v e n  by e xp r es s i o n  ( 3 ) »  is the  same f o r  a l l  thermometers
and is  a f u n c t i o n  o n l y  o f  the q u a n t i t y  t ‘ . The a d d i t i o n  o f  the smal l  v a l ue
r e p r es e n t e d  by (3)  serves t o  make the IPTS-68 conform more c l o s e l y  to the  
thermodynamic s c a l e  than can be done w i t h  o n l y  the s imple  q u a d r a t i c  o f  
e x p r e s s i o n  ( 2 ) .
An a l t e r n a t e  form which is  c o mp l e t e l y  e q u i v a l e n t  to exp r es s i on  (2)  i s
Rt  -  Rp (1 + At*  + B t ' 2) (4)
In some i ns t an ces  e x p r e s s i o n  (4)  i s  l ess  d i f f i c u l t  t o  c a l c u l a t e  thar  ( 2 ) .
The c o n s t an t s  A and B used in (4)  a r e  r e l a t e d  d i r e c t l y  to  a and 6.
A -  a  (1 ♦  6 / 1 0 0 )  ( 5 )
B -  - O 6 / 1 0 1* ( 6 )
CAUTION: THE VALUES OF A,  B, AND 6 ON THE NEW 1968 SCALE ARE DI S­
TINCTLY DIFFERENT FROM THE CORRESPONDING VALUES ON THE 0L0 1948 OR 1927
SCALE. THE VALUES OF a AND RQ ARE ALSO DIFFERENT BUT ONLY TRIVIALLY SO.
TELEPHONE: 215 643-2000 • CABLE ADDRESS "LEEDSNORTH
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TEMPERATURE RANGE: - 1 8 2 . 9 6 2 °  C TO 0° C ( 9 0 . 188K TO 2 7 3 . 1 5K)
Temper a t u r es  be low 0°  C on t he  new 1968 s c a l e  a r e  c a l c u l a t e d  us ing a 
s t a n d a r d  r e f e r e n c e  t a b l e  which g i v e s  v a l u e s  o f  R^/RQ f o r  a f i c t i t i o u s  
“mean" s t a n d ar d  thermomet er .  T h i s  r e f e r e n c e  t a b l e  and a s p e c i f i e d  d e v i a ­
t i o n  e q u a t i o n  a r e  combined t o  g i v e  t he  v a l u e s  f o r  a p a r t i c u l a r  thermometer .  
The s ta nd a r d  r e f e r e n c e  t a b l e  used f o r  IPTS-68 is r e f e r r e d  to  as the  "CCT-68"  
t a b l e .  I t  i s  c o n v e n i e n t  t o  use the  symbol Wt in p l a c e  o f  Rt / R Q. For  the  
s p e c i a l  r e f e r e n c e  v a l u e s  o f  R t / R Q t a b u l a t e d  in CCT-68 the  d e s i g n a t i o n  
Wt (CCT-68)  i s  used.  The t a b l e  g i v i n g  v a l u e s  o f  f o r  a p a r t i c u l a r  t h e r ­
mometer f rom 0°  C down t o  - 1 8 2 . 9 6 2 °  C (90 .188K)  may be c a l c u l a t e d  f rom the  
f o l l o w i n g  e x p r e s s i o n s ,
E xpr e s s i on  (8 )  i s  t he  s p e c i f i e d  d e v i a t i o n  e qu a t i o n  in the  range 0°  C to  
- 1 8 2 . 9 6 2 °  C. The c on s t a n t s  A a n d  Cj  ̂ t o  be used in e x p r e s s i o n  (8)  f o r  t h i s  
p a r t i c u l a r  thermometer  a r e  g i v e n  on the  f i r s t  page.
A t a b l e  c a l c u l a t e d  f rom the  cons t an t s  f o r  t h i s  thermometer  is on the  
f o l l o w i n g  pages .  The f i r s t  column o f  the t a b l e  g i v e s  v a l u e s  o f  t e m p e r a t u r e .  
Unl ess  a d i f f e r e n t  f u n c t i o n  is r e qu e s t e d ,  the second column g i v e s  R t / R 0 
( i . e .  t h e  r a t i o  o f  the  r e s i s t a n c e  a t  the  s t a t e d  t emp e r a t u r e  to  the r e s i s t a n c e  
a t  the  i ce  p o i n t ) .  The t h i r d  column g i v e s  the i nver se  ( r e c i p r o c a l )  o f  the  
d i f f e r e n c e  between succ e ss i ve  v a l ues  in the second column.  These r e c i p r o c a l  
f i r s t  d i f f e r e n c e s  a r e  inc luded  t o  f a c i l i t a t e  i n t e r p o l a t i o n .  The e r r o r  
i n t r od u c e d  by us i ng  the  l i n e a r  i n t e r p o l a t i o n  w i l l  be less than 0 . 0 0 0 1 °  C.
The r e s i s t a n c e  a t  the  i ce  p o i n t  should be de te rmined w i t h  the b r id g e  
which i s  used w i t h  the thermometer .
T h i s  t a b l e  was computed and p r i n t e d  by machine.  Al t hough i t  has been 
made w i t h  c a r e ,  a complete  check o f  e ve r y  v a l u e  a c t u a l l y  p r i n t e d  has not  
been made.
Wt  -  Wt (CCT-68)  + AWt  
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6 1 6 7 - 2  5— P P L A T I N U M  R E S I S T A N C E  THERMOMETER 1 8 3 5 8 5 5  T . C .  i  M . A .
( I P T S  -  6 8 )  OCTOBER 1 9 7 5
T E M P . R E S I b T A N C E I NVERSE t e m p . R E S I S T A N C E I NV ER SE
D E O.  C R A T I O D I F F . D E C .  C R A T I O D I F F .
- 1 5 0 . 0 0 . 3 8 5 4 5 3 2 3 5 . 2 0
- 1 4 9 . 0 0 . 3 8 9 7 0 2 2 3 5 . 3 7
- 1 4 - 8 . 0 0 . 3 9 3 9 4 7 2 3 5 . 5 4
- 1 4 7 . 0 0 . 3 9 8 1 SO 2 3 5 . 7 1
- 1 4 6 .  C 0 . 4 0 2 4 2 9 2 3 5 . 8 8
- 1 4 5 . 0 0 . 4  0 6 6 6 6 2 3 6 . 0 4
- 1 4 4 . 0 0 . 4 1 0 3 9 9 2 3 6 . 2 1
- 1 4 3 . 0 0 . 4 1 5 1 3 0 2 3 6 . 3 7
- 1 4 2 . 0 0 . 4 1 9 3 5 8 2 3 6 . 5 3
- 1 4 1 . 0 0 . 4 2 3 5 8 2 2 3 6 . 6 9
- 1 4 0 . 0 0 . 4 2 7 8 0 4 2 3 6 . 8 5
- 1 3 9 . 0 0 . 4 3 2 0 2 4 2 3 7 . 0 1
- 1 3 8 . 0 0 . 4 3 6 2 4 0 2 3 7 . 1 7
- 1 3 7 . 0 C . 4 4 0 4 5 4 2 3 7 . 3 2
- 1 3 6 . 0 0 . 4 4 4 6 6 5 2 3 7 . 4 8
- 1 3 5 . 0 0 . 4 4 8 8 7 3 2 3 7 . 6 3
- 1 3 4 . 0 0 . 4 5 3 0 7 9 2 3 7 . 7 8
- 1 8 3 . 0 G . 2 4 3 5 6 C - 1 3 3 . 0 C . 4 5 7 2 8 1 2 3 7 . 9 3
- 1 3 2 . 0 0 . 2 4 7 3 9 9 2 3 0 . 4 5 - 1 3 2 . 0 0 . 4 6 1 4 8 2 2 3 8 . 0 8
- 1 8 1 . 0 0 . 2 5 2 2 3 8 2 3 0 . 5 1 - 1 3 1 . 0 0 . 4 6 5 6 8 0 2 3 8 . 2 2
- 1 8 C .  ;■ 0 . 2 5 6 5 7 4 2 3 0 . 5 9 - 1 3 C . 0 C . 4 6 9 3 7 5 2 3 8 . 3 7
- 1 7 9 . 0 C . 2 6 0 9 0 9 2 3 0 . 6 8 - 1 2 9 . 0 0 . 4 7 4 0 6 7 2 3 8 . 5 1
- 1 7 8 . 0 0 . 2 6 5 2 4 2 2 3 0 . 7 8 - 1 2 3 . 0 0 . 4 7 8 2 5 8 2 3 3  . 6 5
- 1 7 7 . 0 0 . 2 6 9 5 7 3 2 3 0 . 8 9  ' - 1 2 7 . 0 0 . 4 8 2 4 4 5 2 3 8 . 7 9
- 1 7 6 . 0 C . 2 7 3 9 0 3 2 3 1 . GO - 1 2 6 . 0 0 . 4 6 6 6 3 1 2 3 3 . 9 3
- 1 7 5 . 0 0 . 2 7 8 2 2 9 2 3 1 . 1 2 - 1 2 5 . 0 • C . 4 9 0 6 1 3 2 3 9 . 0 7
- 1 7 4 . 0 0 . 2 8 2 5 5 3 2 3 1 . 2 5 • - 1 2 4 . 0 0 . 4 9 4 9 9 4 2 3 9 . 2 1
- 1 7 3 . 0 0 . 2 8 6 6  75 2 3 1 . 3 9 - 1 2 3 . 0 0 . 4 9 9 1 7 2 2 3 9 . 3 4
- 1 7 2 . 0 0 • 2 ° 1 1 9 4 2 3 1 . 5 3 - 1 2 2 .  G 0 . 5 C 3 3 4 8 2 3 9 . 4 7
- 1 7 1 . 0 0 . 2 9 5 5 1  1 2 3 1 . 6 8 - 1 2 1 . 0 0 . 5 0 7 5 2 1 2 3 9 . 6 1
- 1 7 0 . 0 0 . 2 9 9 8 2 4 2 3 1 . 8 2 - 1 2 0 . 0 0 . 5 1 1 6 9 2 2 3 9 . 7 4
- 1 6 9 . 0 o . 3 0 4 1 3 5 2 3 1 . 9 8 - 1 1 9 . 0 0 . 5 1 5 8 6 1 2 3 9 . 8 7
- 1 6 8 . 0 0 . 3 0  3 4 4 3 2 3 2 . 1 4 - 1 1 8 . 0 0 . 5 2 0 0 2 6 ' 2 3 9 . 9 9
- 1 6 7 . 0 C . 3 1 2 7 4 8 2 3 2 . 3 0 - 1 1 7 . 0 0 . 5 2 4 1 9 3 2 4 0 .  13
—1 6 6  • C 0 . 3 1 7 0 5 C 2 3 2 . 4 6 - 1 1 6 . 0 0 . 5 2 8 3 5 5 2 4 0 . 2 5
- 1 6 5 . 0 0 . 3 2 1 3 4 8 2 3 2 . 6 3 - 1 1 5 . 0 0 . 5 3 2 5 1 5 2 4 0 . 3 8
- 1 6 4 . 0 . 0 . 3 2 5 6 4 4 2 3 2 . 7 9 - 1 1 4 . 0 0 . 5 5 6 6  73 2 4 0 . 5 0
- 1 6 3 . 0 C . 3  2 Q 9 3 7 2 3 2 . 9 6 - 1 1 3 . 0 C . 5 4 0 8 2 9 2 4 0 . 6 2
- 1 6 2 . 0 0 . 3  J 4 2  2 6 2 3 3 .  13 - 1 1 2 . 0 0 . 5 4 4 9 8 3 2 4 0 . 7 4
— 161  . 0 0 • j 3 3  5 1 2 3 3 . 3 0 - 1 1 1 . 0 0 . 5 4 9 1 3 5 2 4 0 . d6
— 1 6 0  . 0 0 . ?4 2 705 2 3 3 . 4 7 - 1 1 0 . 0 0 . 5 3 3 2 8 4 2 4 0 . 9 8
- 1 5 9 .  J 0 . 3 4  7 37 5 2 3 3 . 6 5 —1 C 9 . U 0 . 5 5 7 4 3 2 2 4 1 . 1 0
- 1 5 8 . 0 0 . 3  5 1 3 5 2 2 3 3 . 6 2 - 1 0 8 . 0 0 . 5 6 1 5 7 b 2 4 1 . 2 1
- 1 5 7 . 0 0 .  3 5 9 0  2 6 2 3 3 . 9 9 - 1 0 7 . 0 0 . 5 6 5 7 2 1 2 4 1 . 3 3
- 1 5 6 . 0 C •  ̂5 9 8 9 6 2 3 4 . 1 7 - 1 0 6 . 0 0 • 5<r 9 8 6  8 2 4 1 . 4 5
- 1 5  5 . 0 C • 3 6  4 1 6 4 2 3 4 . 3 4 -  1 C 5 . C 0 . 5 7 4 0 0 3 2 4 1 • 5 o
- 1 5 4 . 0 0 . 3 6 8 4 2 8 2 3 4 . 5 1 - 1 C 4 . 0 0 . 5 7 8 1 4 1 2 4 1 . 6 7
- 1 5 3 . 0 3 . 3 7 2 6 8 0 2 3 4 . 6 9 - 1 0 3 . 0 0 . 5 8 2 2 7 7 2 4 1 . 7b
- 1 5 2 . 0 0 . 3 7 6 9 4 6 2 3 4 . 8 6 - 1 0 2 . 0 0 . 5 8 6 4 1 1 2 4 1 . 9 0
- 1 5 1 . 0 0 .  3 H 1 2 0 1 2 3 5 . 0 3 - 1 0 1 . 0 0 . 5 9 0 5 4 3 2 4 2 . 0 1
3 l o 7 - 2 5
T-1889
- b  P L A T I N U M R E S I S T A N C E THERMOMETER 1 8 3 5 8 5 5 T . C .  1 M.A
T E MP . R E S I S T A N C E
( I P T S  -
I NV ER SE
-  6 8 )  OCTOBER 1 9 7 5
T E M P .  R E S I S T  ANC E I NV ER SE
C E G .  C R A T I O D I F F . DE G.  C R A T I O D I F F .
- I O C  . 0 C . 5 5 4 6 7 3 2 4 2 . 1 1 - 5 0 . 0 0 . 7 9 9 0 0 3 2 4 0 . 8 2
- 9 9 . 0 0 • 5 9  V 8 0 1 2 4 2 . 2 2 - 4 9 . 0  - 0 . 8 0 3 1 3 3 2  4 6 . 9 0
- 9 8 . 0 0 . 6 0 2 9 2 8 2 4 2 . 3 3 - 4 8 . 0 C . 8 0 7 1 8 2 2 4 6 . 9 9
- 9  7 . 0 0 . 6 0 7 0 5 3 2 4 2 . 4 4 - 4 7 . 0 0 . 8 1 1 2 2 9 2 4 7 . 0 7
- 9 6 . 0 0 . 6 1 1 1 7 6 2 4 2 . 5 4 - 4 6 . 0 0 . 8 1 5 2 7 5 2 4 7 . 1 5
, - 9 5 . 0 0 . 6 1 5 2 5 7 2 4 2 . 6 5 - 4 5 . C 0 . 8 1 9 3 2 0 2 4 7 . 2 3
- 9 4 . 0 0 . 6 1 9 4 1 6 2 4 2 . 7 5 - 4 4 . 0 0 . 8 2 3 3 6 4 2 4  7 . 3 2 '
- 9 3 .  o 0 . 6 2 3 5 3 4 2 4 2 . 8 6 - 4 3 . 0 0 . 8 2 7 4 0 6 2 4  7 . 4 0
—9 2 C . 6 2 7 6 5 0 2 4 2 . 9 6 - 4 2 . 0 0 . 8 3 1 4 4 6 2 4  7 . 4  3
- 9 1 . 0 0 . 6 3 1 7 6 4 2 4 3 . C6 - 4 1 . 0 0 . 8 3 5 4 0 6 2 4 7 . 5 6
- 9 0 . 0 n .  6 3 5 8 7 7 2 4 3 . 1 7 - 4 0 . 0 0 . 8 3 9 5 2 4 2 4 7 . 6 5
- 8 9 . 0 0 . 6 3 5 5 6 7 2 4 3 . 2 6 - 3 9 . 0 0 . 8 4 3 5 6 0 2 4 7 . 7 3
- 8 8 . C 0 . 6 4 4 0 9 6 2 4 3 . 3 6 - 3 8 . 0 0 . 6 4 7 5 9 6 2 4 7 . 8 0
- 8 7 . 0 C . 6 4 3 2 0 4 2 4 3 . 4 6 - 3 7 . 0 0 . 8 5 1 6 3 C 2 4 7 . 3 9
- 8 6 . 0 0 . 6 5 2 3 1 C 2 4 3 . 5 6 - 3 6 . 0 0 . 8 5 5 6 6 3 2 4  7 . 9 6
- 8 5 . 0 0 . 6  5 6 4 1 4 2 4 3 . 6 6 - 3 5 . 0 0 . 8 5 9 6 9 4 2 4 8 . 0 5
- 8 4 . 0 0 • 6 6 0 5 1 6 2 4 3 . 7 6 - 3 4 . 0 0 . 8 6 3 7 2 4 2 4 8 . 1 3
- 8 3 . 0 0 . 6 6 4 6 1 7 2 4 3 . 8 6 - 3 3 . 0 0 . 8 6 7 7 5 3 2 4 8 . 2 1
- 8 2 .  C C . 6 6 3  7 1 6 2 4 3 . 9 5 - 3 2 . 0 C . 8 7 1 7 8 1 2 4 8 . 2 9
- 8 1 . 0 0 . 6 7 2 3 1 3 2 4 4 . 0 5 - 3 1 . 0 0 . 8 7 5 8 C 7 2 4 8 . 3 7
— 3 0  • 0 0 . 6 7 6 5 0 9 2 4 4 . 1 5 - 3 0 . 0 0 . 8 7 9 8 3 2 2 4 8 . 4 5
- 7 9 . 0 C . 6 3 1 0 0 4 2 4 4 . 2 4 - 2 9 .  C 0 . 8 8 3 6 5 6 2 4 8 . 5 3
- 7 3 . 0 C . 6 8 5 0 9 6 2 4 4 . 3 4 - 2 8 . 0 0 . 8 6 7 8 7 8 2 4 8 . 6 0
- 7 7 . 0 0 . 6 8 5 1 8 8 2 4 4 . 4 3 - 2 7 . 0 0 . 8 9 1 3 9 9 2 4 8 . 6 8
- 7 6 . 0 0 . 0 9 3 2 7 7 2 4 4 . 5 2 - 2 6 . 0 0 . 8 9 5 9 1 9 2 4 3 . 7 6
- 7 5 . 0 0 . 6 5 7 3 6 5 2 4 4 . 6 2 - 2 5 . 0 0 . 8 9 9 9 3 8 2 4 3 . 8 4
- 7 4 .  0 0 . 7 0 1 4 5 2 2 4 4 . 7 1 - 2 4 . 0 C . 9 0 3 9 5 5 2 4 8 . 9 2
- 7 3 . 0 0 . 7 0 5 5 3 7 2 4 4 . 8 0 - 2 3 . 0 0 . 9 0 7 9 7 1 2 4 9 . 0 0
- 7 2 . 0 0 . 7 C 9 6 2 C 2 4 4 . 8 9 - 2 2 . 0 0 . 9 1 1 9 6 6 2 4 9 . 0 7
- 7 1 . 0 C . 7 1 3 7 C 2 2 4 4 . 9 8 - 2 1 . 0 0 . 9 1 6 0 0 0 2 4 9 . 1 5
- 7 0 . 0 0 . 7 1 7 7 8 2 2 4 5 . 0 8 - 2 0 . 0 C . 9 2 0 0 1 2 2 4 9 . 2 3
- 6 9 . 0 0 . 7 2 1 3 6 1 2 4 5 . 1 6 - 1 9 . 0 0 . 9 2 4 0 2 3 2 4 9 . 3 0
—6 3  • 0 0 . 7 2 5 9 3 9 2 4 5 . 2 6 - 1 8 . 0 0 . 9 2 8 0 3 3 2 4 9 . 3  3
- 6 7 .  C 0 . 7 3 C 0 15 2 4 5 . 3 4 - 1 7 . 0 0 . 9 3 2 0 4 2 2 4 9 . 4 9
- 6 6 . 0 C • 7  3 4 C 8 9 2 4 5 • 4 4 - 1 6 . 0 0 . 9 3 6 C 4 9 2 4 9 . 5 4
- 6  5 . 0 0 . 7 3 3 1 6 2 2 4 5 . 5 2 - 1 5 . 0 C . 9 4 0 0 5 5 2 4 9 . 6 2
- 6 4 . 0 0 . 7 4 2 2 3 3 2 4 5 . 6 1 - 1 4 . 0 0 . 9 4 4 0 6 0 2 4 9 . 6 9
- 6 3 . 0 0 . 7 4 6 3 0 3 2 4 5 . 7 0 - 1 3 . 0 C . 9 4 8 0 6 4 2 4 9 . 7 8
- 6 2 . 0 0 . 7 5 3 3 7 2 2 4 5 . 7 9 - 1 2 . 0 C . 9 5 2 0 6 6 2 4 9 . 3 4
- 6 1 . 0 0 . 7 5  44 3 9 2 4 5 . 8 7 - 1 1 . 0 C . 9 5 6 0 6  7 2 * 9 . 9 3
- 6 0  . 0 u . 7 5 3 5 0 4 2 4 5 . 5 7 - 1 0 . 0 0 . 9 6 0 0 6 7 2 5 0 . 0 0
- 5 9 . 0 0 . 7 6 2 5 6 5 2 4 6 . 0 3 - 9 . 0 0 . 9 6  4 U 6 6 2 5 0 . 0  8
- 5 8 .  } C . 7 < j 6 6 3 1 2 4 6 .  14 - 8 . 0 0 . 9 c  8 0 6 4 2 5 0 . 1 5
— 5 7 . 0 0 .  7 7 0 6  9 3 2 4 6 . 2 2 - 7 . 0 0 . 9 7 2 0 6 0 2 5 0 . 2 3
- 5 6 . 0 0 .  7 7 4  75 3 2 4 6 . 3 1 — t* • 0 0 . 9 7 6 0 5 5 2 5 0 . 3  1
- 5 5 7 . 7 7 6 8 1 1 2 4 6 . 4 0 - 5 . 0 0 . 9 8 0 0 4 9 2 50 . 3 8
- 5 4 . 0 0 . 7 8 2 6  6 8 2 4 6 . 4 8 - 4 . 0 0 . 9 8 4 0 4 1 2 5 0 . 4 6
- 5  3 . 0 C . 7 8 6 9 2 4 2 4 6 . 5 6 - 3 . 0 C . 9 6 8 0 3 3 2 5 0 . 5 4
- 5 2 . 0 C . 7 9 0 5 7 6 2 4 6 . 6 5 - 2 . 0 0 . 9 9 2 0 2 3 2 5 0 . 6 2
- 5 1 . 0 0 . 7 9 3 0 3 1 2 4 6 . 7 3 -1.0 0 . 9  9 6 0 1 2 2 5 0 . 6 9
T-1889 • 50
L 6 7 - 2 5 - 0  P L A T I N U M R E S I S T A N C E TEERMCMETER 1 8 3 5 8 5  5 T . C .  l . M . A .
(I P T S  - 6 8 )  OCTOBER 1 9 7 5
r e *  p . R t S  I s t a n c e I NVER SE T E MP . R E S I S T A N C E I N V ER SE
_ G • C R A T I O 0 1F F .. C E o .  C R A T I O □ I F F .
0 . 0 1 . C C 9 0 0 0 2 5 0 . 7 5 5 0 . 0 1 . 1 9 7 8 3 3 2 5 4 . 6 5
1 . 0 -  1 . C C 3 9 8 7 2 5 0 . 8 5 5 1 . 0 1 . 2 0 1 7 5 9 2 5 4 . 7 3
2.0 1 . C C 7 S 7 2 2 5 C . 9 2 5* 2 . 3 1 . 2 0 5 6 8 4 2 5 4 . 8 C
3 . 0 1 . 0 1 1 9 5 6 2 5 1 . 0 0 5 3 . 0 1 . 2 0 9 6 0 7 2 5 4 . 8 8
4 . 9 1 . 0 1 5 9 3 9 2 5 1 . 0 8 5 4 . 0 1 . 2 1 3 5 2 9 2 5 4 . 9 6
5 . 0 1 . 0 1 9 9 2 0 2 5 1 .  15 5 5 . 0 1 . 2 1 7 4 5 0 2 5 5 . 0 4
6 . 0 1 . 0 2 3 9 3 1 2 5 1 . 2 3 5 6 . 0 1 . 2 2 1 3 7 0 2 5 5 . 1 2
7 . 0 1 . 0 2 7 8 8 0 2 5 1 . 3 1 5 7 . 0 1 . 2 2 5 2 8 9 2 5 5 . 1 9
8 . 0 1 . 0 3 1 8 5 6 2 5 1 . 3 9 5 8 . 0 1 . 2 2 9 2 0 6 2 5 5 . 2 7
S .  J 1 . 0 3 5 3 3 4 2 5 1 . 4 6 5 9 . 0 1 . 2 3 3 1 2 2 2 5 5 . 3 5
1 0 . 0 1 . 0 3 9 8 1 0 2 5 1 . 5 4 6 0 . 0 1 . 2 3 7 0 3 7 2 5 5 . 4 3
1 1 . 0 1 . 0 4 3 7 8 4 2 5 1 . 6 2 6 1 . 0 1 . 2 4 0 9 5 1 2 5 5 . 5 1
1 2 . 0 1 . 0 4 7 7 5 7 2 5 1 . 7 0 6 2 . 0 1 . 2 4 4 8 6 4 2 5 5 . 5 9
1 3 . 0 1 . 0 5  1 7 2 9 2 5 1 . 7 7 6 3 . 0 1 . 2 4 8 7 7 5 2 5 5 • 6o
1 4 . 0 1 . C 5 5 7 C C 2 5 1 . 8 5 6 4 . 0 1 . 2 5 2 6 8 5 2 5 5 . 7 4
1 5 . 0 1 • C 5 9 o 6  9 2 5 1 . 9 3 6 5 . 0 1 . 2 5 6 5 9 4 2 5 5 . 8 2
1 6 .  C 1 . 0 6 3 6 3 7 2 5 2 . 0 1 6 6 . 0 1 . 2 6 0 5 0 2 2 5 5 . 9 0
1 7 . 0 1 . 0 6 7 6 0 4 2 5 2 . 0 8 6 7 . 0 1 . 2 6 4 4 0 9 2 5 5 . 9 8
1 8 . 0 1 . C 7 1 5 7 C 2 5 2 . 1 6 6 8 . 0 1 . 2 6 8 3 1 4 2 5 6 . 0 6
1 9 . 0 ' 1 . 0 7 5 5 3 5 2 5 2 . 2 4 6 9 . 0 1 . 2 7 2 2 1 8 2 5 6 . 1 3
2 0 . 0 1 . 0 7 9 4 9 8 2 5 2 . 3 1 7 0 . 0 1 . 2 7 6 1 2 1 2 5 6 . 2 1
21.0 1 . C 8 3 4 6 C 2 5 2 . 3 9 7 1 . 0 1 . 2 B 0 0 2 3 2 5 o . 2 9
2 2 * 0 1 • C 8 7 4 2 1 2 5 2 . 4 7 7 2 . 0 1 . 2 8 3 9 2 4 2 5 6 . 3 7
2 3 . 0 1 . C 5 1 3 8 0 2 5 2 . 5 5  * 7 3 . 0 1 . 2 8 7 8 2 3 2 5 6 . 4 5
2 4 . 0 1 . 0 9 5 3 3 9 2 5 2 . 6 2 7 4 . 0 1 . 2 9 1 7 2 1 2 5 6 . 5 3
2 5 . 0 1 . C 9 9 2 9 6 2 5 2 . 7 0 7 5 . 0 1 . 2 9 5 6 1 8 2 5 6 . 6 1
2 6 . 0 1 . 1 0 2 2 5 2 2 5 2 . 7 8 7 6 . 0 1 . 2 9 9 5 1 4 2 5 6 . 6 8
2 7 . 0 1 . 1 0 7 2 0 7 2 5 2 . 8 6 7 7 . 0 1 . 3 0 3 4 0 9 2 5 6 . 7 6
2 8 . 0 1 . 1 1 1 1 6 1 2 5 2 . 9 3 7 8 . 0 1 . 3 O 7 3 0 2 2 5 6 . 8 4
2 9 . 3 1 . 1 1 5 1 1 3 2 5 3 . 0 1 7 9 . 0 1 . 3 1 1 1 9 5 2 5 6 . 9 2
3 0 . 0 1 . 1 1 9 0 6 4 2 5 3 . 0 9 8 0 . C 1 . 3 1 5 0 8 6 2 5 7 . 0 0
3 1 . 0 1 . 1 2 3 3 1 4 2 5 3 . 1 7 8 1 . 0 1 . 3 1 8 9 7 6 2 5 7 . 0 8
3 2 . 0 1 . 1 2 6 9 6 3 2 5 3 . 2 5 8 2 . 0 1 . 3 2 2 8 6 4 2 5 7 . 1 6
3 3 . 0 1 . 1 3 C 9 1 J 2 5 3 . 3 2 8 3 . 0 1 . 3 2 6 7 5 2 2 5  7 . 2 3
3 4 . 0 1 . 1 3 4 8 5 7 2 5 3 . 4 0 8 4 . 0 1 . 3 3 0 6 3 8 2 5 7 . 3 1
3 5 . 0 1 . 1 3 8 8 0 2 2 5 3 . 4 3 8 5 . 0 1 . 3 3 4 5 2 3 2 5 7 . 3 9
3 6 .  C 1 . 1 4 2 7 4 6 2 5 3 . 5 6 8 6 . 0 1 . 3 3 8 4 0 7 2 5 7 . 4 7
3 7 . 0 1 • 1 4 6 u 6 3 2 5 3 . 6 3 3 7 . 0 1 . 3 4 2 2 9 0 2 5 7 . 5 5
■38.0 1 • 1 5 0 6  3 C 2 5 3 . 7 1 8 8 . 0 1 . 3 4 6 1 7 1 2 5  7 . 6 3
3 9 . 0 1 .  1 5 4 5 7  C 2 5 3 . 7 9 8 9 . 0 1 . 3 5 0 0 5 2 2 5 7 . 7 1
4 C . 0 1 . 1 8 8  5 0 9 2 5 3 . 8 7 9 0 . 0 1 . 3 5 3 9 3 1 2 5 7 . 7 9
* • 1 . 0 1 . 1 6 2 4  4 7 2 5 3 . 9 5 9 1 . 0 1 . 3 5 7 8 0 9 2 5 7 . 8 7
4 2 . 0 1 • 1 6  6 3 6 4 2 5 4 . C2 9 2 . 0 1 . 3 6 1 6 8 6 2 5 7 . 9 5
4 3 . 0 I . 1 7 0 3 1 9 2 5 4 . 1 0 9 3 . 0 1 . 3 6 5 5 6 1 2 5 8 . 0 2
4 4 . 0 1 . 1 7  A 2 5 3 2 5 4 .  18 9 4 . 0 I . 3 6 9 4 3 6 2 5 8 . 1 0
4 5 . 0 1 . 1 7 3 1 8 6 2 5 4 . 2 6 9 5 . 0 1 . 3 7 3 3 0 9 2 5 6 .  18
4 6 . 0 1 . 1 8 2 1  18 2 5 4 . 3 3 9 6 . 0 1 . 3 7 7 1 8 1 2 5 3 . 2 6
4 7 . 0 1 . 1 8 6  0 4 5 2 5 4 . 4 1 9 7 . 0 1 . 3 8 1 0 5 2 2 5 d . 34
4 8 . 0 1 . 1 8  5 5 7 6 2 5 4 . 4 9 9 8 . 0 1 . 3 6 4 9 2 2 2 5 8 . 4 2
4 9 . 0 1 . 1 9 3 9 0 6 2 5 4 . 5 7 9 9 . 0 1 . 3 8 8 7 9 0 2 5 8 . 5 0
T-1889 51
3 1 6 7 - 2  5 - 8  P L A T I N U M  R E S I S T A N C E  THERMOMETER 1 H 3 5 8 5 5  T . C .  1 M . A
( I P T S  -  6 8 ) OCTOBER 1 9 7 5
T E M P . RES IS T A N C E I N V ER SE T E MP . R E S I S T A N C E I N V ER SE
E G .  C R A T I O D I F F . OEG.  C R A T I Q D I F F .
1J O . 0 1 . 3 9 2 6 5 7 2 5 8 . 5 3 1 5 0 . 0 1 . 5 8 4 5 1 6 2 6 2 . 5 8
101 .0 I . 3 9 6 5 2 3 2 5 8 . 6 6 1 5 1 . 0 1 . 5 8 6 3 2 4 2 6 2 . 6 6
102 .0 1 . 4 0 0 3 8 8 2 5 8 . 7 4 1 5 - 2 . 0 1 . 5 9 2 1 3 0 2 6 2 . 7 4
1 0 3 . 0 1 . 4 0 4 2 5 2 2 5 8 . 8 2 1 5 3 .  C 1 . 5 9 5 9 3 4 2 6 2 . 8 2
1 0 4 . 0 1 . 4 0 3 1 1 5 2 5 3 . 9 0 1 5 4 . 0 1 . 5 9 9 7 3 8 2 6 2 . 9 0
1 0 5 . 0 1 . 4 1 1 9 7 6 2 5 8 . 9 8 1 5 5 . 0 1 . 6 0 3 5 4 1 2 6 2 . 9 9
1 0 6 .  C 1 . 4 1 5  33 6 2 5 9 . 0 5 1 5 6 . C 1 . 6 0 7 3 4 2 2 6 3 . 0 7
1 0 7 . 0 1 . - * 1 9 6 9 5 2 5 9 .  13 1 5 7 . 0 1 . 6 1 1 1 4 2 2 6 3 . 1 5
1 0 8 . 0 1 . 4 2 3 5 5 3 2 5 9 . 2 1 1 5 8 . 0 1 . 6 1 4 9 4 1 2 6 3 . 2 3
1 0 9 . 0 1 . 4 2 7 4 1 0 2 5 9 . 2 9 1 5 9 . 0 1 . 6 1 3 7 3 9 2 6 3 . 3 1
11 0 . 0 . 1 . 4 3 1 2 6 5 2 5 9 . 3 7 160 .0 1 . 6 2 2 5 3 5 2 6 3 . 3 9
1 1 1 .0 1 . 4 3 5 1 1 9 2 5 9 . 4 5 161 . C 1 . 6 2 6 3 3 1 2 6 3 . 4 7
112 .0 1 . 4 3 3 5 7 2 2 5 9 . 5 3 1 6 2 . 0 1 . 6 3 0 1 2 5 2 6 3 . 5 5
1 1 3 . 0 1 . 4 4 2 8 2 4 2 5 9 . 6 1 1 6 3 . 0 1 . 6 3 3 9 1 8 2 6 3 . 6 3
1 1 4 . 0 1 . 4 4 6 6 7 5 2 5 9 . 6 9 1 6 4 . 0 1 . 6 3 7 7 1 0 2 6 3 . 7 2
1 1 5 . 0 1 . 4 5 0 5 2 5 2 5 9 . 7 7 1 6 5 . 0 1 • 6 4 1 5  C 1 2 6 3 . 3 0
1 1 6 . 0 1 . 4 5 4 3 7 3 2 5 9 . 8 5 1 6 6 . 0 1 . 6 4 5 2 9 1 2 6  3 . 3  8
1 1 7 . 0 1 . 4 5 3 2 2 0 2 5 9 . 9 3 1 6 7 . 0 1 . 6 4 9 0 7 9 2 6 3 . 9 6
1 1 8 . 0 1 . 4 6 2 0 6 6 2 6 0 . 0 1 1 6 8 . 0 1 . 6 5 2 8 6 6 2 o 4 • 0 4
1 1 9 . 0 1 . 4 6 5 9 1 1 2 6 0 . 0 9 1 6 9 . 0 1 . 6 5 6 6 5 3 2 6 4 . 1 2
1 2 0 .0 1 . 4 6 9 7 5 5 2 6 0 .  17 1 7 0 . 0 1 . 6 6 0 4 3 8 2 6 4 . 2 0
1 2 1 . 0 1 . 4 7 3 5 9 7 2 6 0 . 2 5 1 7 1 . 0 1 . 6 6 4 2 2 1 2 6 4 . 2 9
122 . r 1 . 4 7  74 38 2 6 0 . 3 3 1 7 2 . 0 1 •66 8 0 0 4 2 6 4 . 3 7
1 2 3 . 0 1 . 4 8 1 2 7 6 2 6 0 . 4 1  * 1 7 3 . 0 1 . 6 7 1 7 8 5 2 6 4 . 4 5
1 2 4 . 0 1 . 4 8 5 1 1 7 2 6 0 . 4 9 1 7 4 . 0 1 . 6 7 5 5 6 6 2 6 4 . 5 3
1 2 5 . 0 1 . 4 8 8 9 5 5 2 6 0 . 5 7 1 7 5 . 0 1 . 6 7 9 3 4 5 2 6 4 . 6 1
1 2 6 . 0 1 . 4 9 2 7 9 2 2 6 0 . 6 5 1 7 6 . 0 1 . 6 8 3 1 2 3 2 6 4 . 7 0
1 2 7 . 0 1 . 4  3 6 6 2 7 2 6 0 . 7 3 1 7 7 . 0 1 . 6 8 6 8 9 9 2 6 4 . 7 8
1 2 8 . 0 1 . 5 0 0 4 6 1 2 6 0 . 8 1 1 7 8 . 0  • 1 . 6 9 0 6 7 5 2 6 4 . 8 6
1 2 9 . 0 1 . 5 0 4 2 9 4 2 6 0 . 8 9 1 7 9 . 0 1 . 6 9 4 4 4 9 2 6 4 . 9 4
1 3 0 . 0 1 . 5 0 8 1 2 6 2 6 0 . 9 7 1 8 C . 0 1 . 6 9 3 2 2 3 2 6 5 . 0 2
1 3 1 . 0 1 . 5 1 1 9 5 7 2 6 1 . 0  5 1 8 1 . 0 1 . 7 0 1 9 9 5 2 6 5 . 1 0
1 3 2 . 0 1 . 5 1 5 7 8 6 2 6 1 . 1 3 1 8 2 . 0 1 . 7 0 5 7 6 6 2 6 5 . 1 9
1 3 3 . 0 1 . 5 1 9 6 1 5 2 6 1 . 2 1 1 8 3 . 0 1 . 7 0 9 5 3 5 2 6 5 . 2 7
1 3 4 . 0 1 . 5 2 3 4 4 2 2 6 1 . 2 9 1 8 4 . 0 1 . 7 1 3 3 0 4 2 6 5 . 3 5
1 3 5 . 0 1 . 5 2 7 2 6 8 2 6 1 . 3 7 1 8 5 . C 1 . 7 1 7 0 7 1 2 6  5 . 4 3
1 3o  • 0 1 . 5 3 1 J 9 3 2 6 1 . 4 5 1 8 6 . 0 1 . 7 2 0 8 3 8 2 6 5 . 5 2
1 3 7 . 0 1 . 5 3 4 9 1 6 2 6 1 . 5 3 1 8 7 . 0 1 . 7 2 4 6 0 3 26 5 . 6 0
1 3 8 . 0 1 . 5 3 6 7 3 9 2 o l . 61 1 8 6 . 0 1 . 7 2 3 3 6 7 2o 5 . 6 6
1 3 9 . 0 1 . 5 4 2 5 6 0 2 6 1 . 6 9 1 8 9 . 0 1 - 7 3 2 1 3 0 2 6  5 . 7 6
1 4 0 . 0 1 . 5 4 6  3 80 2 6 1 . 7 7 1 9 0 . 0 1 . 7 3 5 3 9 1 2 6  5 . 8 4
1 4 1 . 0 1 . 5 5 0 1 9 9 2 6 1 . 8 5 1 9 1 . 0 1 . 7 3 9 6 5 2 2 6  5 . 9 3
1 4 2 . 0 1 . 5 5 4 C 1 7 2 6 1 . 9 3 1 9 2 . 0 1 . 7 4 3 4 1 1 2 6 6 . 0 1
1 4 3 . 0 1 . 5 5  7 83  3 2 6 2 . 0 2 1 9 3 . 0 1 . 7 4 7 1 6 9 2 6 6 . 0 9
i  4 4 • U 1 . 5 6 1 c 4 9 2 6 2 .  10 1 9 4 . 0 1 . 7 5 0 9 2 6 2 0 6 • 1 7
1 4 5 . 0 1 . 5 6 5 4 6  3 2 6 2 .  18 1 9 5 . 0 1 . 7 5 4 6 3 2 2c 6 • 2  6
1 4 6  • 0 1 . 5 6 9 2 7 6 2 6 2 . 2 6 1 9 6 . 0 1 . 7 5 8 4 3 6 2 6 o . 34
1 4 7 . 0 1 . 5 7 3  0 8 8 2 6 2 . 3 4 1 9 7 . 0 1 . 7 6 2 1 9 0 2 6 6 . 4 2
1 4 8 . 0 1 . 5 7 6 8 9 9 2 6 2 . 4 2 1 9 8 . 0 1 . 7 6 5 9 4 2 2 6 6 . 5 0
1 4 9 . C 1 • 5 80  70 8 2 6 2 . 5 0 1 9 9 . 0 1 . 7 6 9 6 9 3 2 6 6 . 5  9
T-1889 52
8 1 6 7 - 2 5 - 8  P L A T I N U M  R E S I S T A N C E  THERMOMETER 1 3 3 5 8 5 5  T . C .  1 M . A .
( I P T S  - . 6 8 )  OCTOBER 1 9 7 5
T E M P . R E S I S T A N C E I N V ER SE
CEG.  C R A T I O D I F F .
2 0 0 . 0 1 . 7 7 3 4 4 3 2 6 6 . 6 7
2 C 1 . 0 1 . 7 7  7 1 9 2 2 6 6 . 7 5
2 0 2 . 0 1 . 7 8 C 9  39 2 6 6 . 8 4
2 0 3 . 0 1 . 7 8  4 5  8 6 2 6 6 . 9 2
2 0 4 . 0 1 . 7 6 8 4 3 1 2 6 7 . 0 0
2 0 5 . 0 1 . 7 9 2 1 7 5 2 6 7 . 0 6
2 C 6 . 0 1 . 7 9 5 9 1 6 2 6 7 .  17
2 0 7 . 0 1 . 7 5 9 6 6 0 2 6 7 . 2 5
2 0 8 . 0 1 . 8 0 3 4 0 1 2 6 7 . 3 3
2 0 9 . 0 1 . 8 C 7 1 4 0 2 6 7 . 4 2
2 1 0 . 0 1 . 8 1 0 3  78 2 t o 7 . 50
2 1 1 . 0 1 . 8 1 4 6 1 6 2 6 7 . 5 3
2 1 2 . 0 1 . 3 1 3 3 5 2 2 6 7 . 6 7
2 1 3 . 0 1 . 3 2 2  0 8 6 2 6 7 . 7 5
2 1 4 . 0 1 . 3 2 5 6 2 C 2 o 7 . 83
2 1 5 . 0 1 . 8 2 9 5 5 3 2 6 7 . 9 2
2 1 6 . 0 1 . 3  3 3 2 0 4 2 6 8 . 0 0
2 1 7 . 0 1 . 3 3 7 0 1 4 2 6 8 . 0 8
2 1 8 . 0 1 . 8 4 0 7 4 3 2 6 8 .  17
2 1 9 . 0 1 . 8 4 4 4 7 1 2 6 8 . 2 5
2 2 0 . 0 1 . 3 4 3 1 5 8 2 6 3 . 3 3
2 2 1 . 3 1 . 3 5 1 9 2 3 2 6 8 . 4 2
2 2 2 * C 1 . 6  5 5 6 4 8 2 6 8 . 5 0
2 2 3 . 0 1 . £ 5 9 3 7 1 2 6 8 . 5 9
2 2 4 . 0 1 . 6 6 3 0 9 3 2 6 8 . 6 7
2 2 5 . 0 1 • 8 6 6  8 1 4 2 6 8 . 7 5
2 2 6 . 0 1 . 6 7 0 5 3 3 2 6 8 . 8 4
2 2 7 . 0 1 . 8 7 4 2 5 2 2 6 8 . 9 2
2 2 8 . 0 1 . 6 7 7 9 6  5 2 6 9 . 0 1
2 2 9 . 0 1 . £ 8 1 6 8 6 2 6 9 . 0 9
2 3 C . 0 1 . 8 8 5 4 0 1 2 t o 9 . 17
2 3 1 . 0 1 . £ 8 9 1 1 5 2 6 9 . 2 6
2 3 2 . 0 i . 6 9 2 8 2 7 2 6 9 . 3 4
2 3 3 . 0 1 . 6 9 6  5 3 9 2 6 9 . 4 3
2 3 4 . 0 1 . 9 0 0 2 4 9 2 6 9 . 5 1
2 3 5 . 0 1 . 5 0 3 9 5 9 2 6 9 . 6 0
2 3 6  • 0 1 . 5 0 7 6 6 7 2 6 9 . 6 8
23  7 . 0 1 . 5 1 1 3 7 4 2 6 9 . 7 6
2 3 8 . 0 1 . 9 1 5 0 7 5 2 6 9 . 8 5
2 3 9 . 0 1 . 4 1 1 7 6 4 2 6 9 . 9 3
2 4 0 . 0 1 . 5 2 2 4 8  7 2 7 0 . 0 2
2 4 1 . 0 1 . 1 2 6 1 5 0 2 7 0 .  10
2 4 2 . 0 1 . 9 2 5  3 9 1 2 7 0 .  19
2 4 3 . 0 1 . 9 3 3 5 9 1 2 7 0 . 2 7
24 • 0 1 . 4 3  72 9 0 2 7 o . 3 o
2 4  5 . 0 1 . 9 4 0 5 6 7 2 7 0 . 4 4
2 4 to • 0 I . 9 4 4 6 8 4 2 7 0 . 5 3
2 4 7 . 0 1 . 9 4 8  3 7 9 2 7 0 . 6 1
2 9 8 . 0 1 . 9 5 2 3 7 3 2 7 0 . 7 0
2 4 9 .  w L . 9 5 5 l 6 o 2 7 0 . 7 3
EMP. R E S I S T A N C E INVERSE
lEG • C R A T I O D I F F .
2 5 0 . 0 1 . 9  5 9 4 5  6 2 7 0 . 8 7
2 5 1 . 0 1 . 9 6 3 1 4 9 2 7 0 . 9 5
2 5 - 2 . 0 1 . 9 6 6 8 3 8 2 7 1 . 0 4
2 5 3 . 0 1 . 9 7 0 3 2 7 2 7 1 . 1 2
2 5 4 . 0 1 . 9 7 4 2 1 4 2 7 1 . 2 1
2 5 5 . 0 1 . 9 7 7 9 0 0 2 7 1 . 2 9
2 5 6 . 0 1 . 9 8 1 5 8 5 2 7 1 . 3 3
2 5 7 . 0 1 . 9 8 5 2 6 9 2 7 1 . 4 o
2 5 8 . 0 1 . 9 8 3 9 5 1 2 7 1 . 5 5
2 5 9 . 0 1 . 9 9 2 6 3 3 2 7 1 . 6 3
2 6 0 . 0 1 . 9 9 6 3 1 3 2 7 1 . 7 2
2 6 1 . 0 1 . 9 9 9 9 9 2 2 7 1 . 8 1
2 6 2 . 0 2 . 0 0 3 6 7 0 2 7 1 . 8 9
2 6 3 . 0 2 . 0 0 7 3 4 7 2 7 1 . 9 8
2 6 4 . 0 2 . 0 1 1 0 2 2 2 7 2 . 0 o
2 6 5 . 0 2 . 0 1 4 6 9 7 2 7 2 . 1 5
2 6 6 . 0 2 . 0 1 8 3 7 0 2 7 2 . 2 3
2 6 7 . 0 2 . 0 2 2 0 4 2 2 7 2 . 3 2
2 6 8 . 0 2 . 0 2 5 7 1 3 2 7 2 . 4 1
2 6 9 . 0 2 . 0 2 9 3 8 3 2 7 2 . 4 9
2 7 0 . 0 2 . 0 3 3 0 5 2 2 7 2 . 5 6
2 7 1 . 0 2 . 0 3 6 7 1 9 2 7 2 . 6 7
2 7 2 . 0 2 . 0 4 0 3 8 6 2 7 2 . 7 5
2 7 3 . 0 2 . 0 4 4 0 5 1 2 7 2 . 8 4
2 7 4 . 0 2 . 0 4 7 7 1 5 2 7 2 . 9 2
2 7 5 . 0 2 . 0 5 1 3 7 8 2 7 3 . 0 1
2 7 6 . 0 2 . 0 5 5 0 3 9 2 7 3 . 1 0
2 7 7 . 0 2 . C 5 8 7 C 0 2 7 3 . 1 8
2 7 8 . 0 2 . 0 6 2 3 5 9 2 7 3 . 2 7
2 7 9 . 0 2 . 0 6 6 0 1 8 2 7 3 . 3 6
2 8 0 . 0 2 . 0 6 9 6 7 5 2 7 3 . 4 4
2 8 1 . 0 2 . 0 7 3 3 3 1 2 7 3 . 5 3
2 8 2 . 0 2 . 0 7 6 9 8 5 2 7 3 . 6 2
2 8 3 . 0 2 . 0 8 0 6 3 9 2 7 3 . 7 0
2 8 4 . 0 2 . 0 6 4 2 9 1 2 7 3 . 7 9
2 8 5 . 0 2 . 0 8 7 9 4 3 2 7 3 . 8 8
2 8 6 . 0 2 . 0 5 1 5 9 3 2 7 3 . 9 6
2 8 7 . 0 2 . 0 9 5 2 4 2 2 7 4 . 0 5
2 3 8 . 0 2 . 0 9 8 8 8 9 2 7 4 . 1 4
2 8 9 . 0 2 . 1 0 2 5 3 6 2 7 4 . 2 3
2 9 0 . 0 2 . 1 0 6 1 6 1 2 7 4 . 3 1
2 9 1  . 0 2 . 1 0 9 3 2 6 2 7 4 . 4 0
2 9 2 . 0 2 . 1 1 3 4 6 5 2 7 4 . 4 9
2 9 3 . 0 2 . 1 1 7 1 1 1 2 7 - * . 5 8
2 9 4 . 0 2 . 1 2 0 7 5 2 2 7 4 . 0 6
2 9 5 . 0 2 . 1 2 5 3 9 1 2 7 4 . 7 5
2 9 6 . 0 2 . 1 2 8 0 3 0 2 7 4 . 8 4
2 9 7 . 0 2 . 1 3 1 6 6 7 2 7 4 . 9 3
2 9 8 . 0 2 . 1 3 5 3 0 3 2 7 5 . 0 1
2 9 9 . 0 2 . 1 3 8 9 3 9 2 7 8 . 1 0
T-1889 53
8 1 6 7 - 2 5 - 8  P L A T I N U M  R E S I S T A N C E  THERMOMETER 1 8 3 5 8 5 5  T . C .  1 M . A .
( I P T S - 6 8 )  OCTObER 1 9 7 5
TEMP. FES I  STANCE I N V ER SE T E M P . R E S I S T A N C E I NV ER SE
:EG.  C R A T I O D I F F . OEG.  C R A T I O D I F F .
3 0 0 . 0 2 .  1 4 2 5 7 2 2 7 5 . 1 9 3 5 0 . 0 2 . 3 2 2 7 8 6 2 7 9 . 6 6
3 0 1 . 0 2 . i 4 o 2 0 5 2 7 5 . 2 8 3 5 1 . 0 2 . 3 2 6 3 6 1 2 7 9 . 7 5
3 0 2 . 0 2 .  1 4 9 0 3 7 2 7 5 . 3 6 3 5 2 . 0 2 . 3 2 9 9 3 4 2 7 9 . 3 4
3 0 3 . 0 2 .  1 5 3 4 6 7 2 7 5 . 4 5 3 5 3 . 0 2 . 3 3 3 5 0 7 2 7 9 . 9 3
3 0 4 . 0 2 . 1 5 7 C 9 0 2 7 5 . 5 4 3 5 4 . 0 2 . 3 3 7 0 7 8 2 8 0 . 0 2
3 0 5 . 0 2 . 1 6 3 7 2 4 2 7 5 . 6 3 3 5 5 . 0 2 . 3 4 0 6 4 8 2 8 0 . 1 1
3 0 6 . 0 2 . 1 6 4 3 5 1 2 7 5 . 7 2 3 5 6 . 0 2 . 3 4 4 2 1 7 2 8 0 . 2 0
3 0 7 . 0 2 . 1 6 7 9 7 7 2 7 5 . 0 0 3 5 7 . 0 2 . 3 4 7 7 8 4 2 8 0 . 3 0
3 0 8 . 0 2 . 1 7 1 6 0 2 2 7 5 . 8 9 3 5 8 . 0 2 . 3 5 1 3 5 1 2 8 0 . 3 9
3 0 9 . 0 2 . 1 7 5 2 2 5 2 7 5 . 9 8 3 5 9 . 0 2 . 3 5 4 9 1 6 2 8 0 . 4 8
3 1 0 . 0 2 . 1 7 8 8 4 7 2 7 6 . 0 7 3 6 0 . 0 2 . 3 5 8 4 6 0 2 8 0 . 5 7
31 1 . 0 2 . 1 8 2 4 6 8 2 7 6 . 1 6 3 6 1 . 0 2 . 3 6 2 0 4 3 2 8 0 . 6 6
3 1 2 . 0 2 * 1 8  6 0 8 8 2 7 6 . 2 5 3 6 2 . 0 2 . 3 6 5 6 0 5 2 8 0 . 7 5
3 1 3 . 0 2 . 1 3 9 7 0 7 2 7 6 . 3 4 3 6 3 . 0 2 . 3 6 9 1 6 6 2 6 0 . 8 5
3 1 4 . 0 2 . 1 9 3 3 2 5 2 7 6 . 4 2 3 6 4 . 0 2 . 3 7 2 7 2 5 2 6 0 . 9 4
3 1 5 . U 2 . 1 9 6 9 4 1 2 7 6 . 5 1 3 6 5 . 0 2 . 3 7 6 2 8 4 2 8 1 . 0 3
3 1 6 . 0 2 . 2 0 0 5 5 7 2 7 6 . 6 0 3 6 6 . 0 2 . 3 7 9 8 4 1 2 8 1 . 1 2
3 1 7 . 0 2 • 2 0 4 1 7 1 2 7 6 . 6 9 3 6 7 . 0 2 . 3 0 3 3 9 7 2 8 1 . 2 1
3 1 8 . 0 2 . 2 0 7 7 8 4 2 7 6 . 7 8 3 6 8 . 0 2 . 3 8 6 9 5 2 2 8 1 . 3 1
3 1 9 . 0 2 . 2 1 1 3 9 6 2 7 6 . 8 7 3 6 9 . 0 2 . 3 9 0 5 0 5 2 6 1 . 4 0
3 2 0 . C 2 . 2 1 5 0 0 6 2 7 6 . 9 6 3 7 0 . 0 2 . 3 9 4 0 5 8 2 3 1 . 4 9
3 2 1 . 0 2 . 2 1 3 6 1 6 2 7 7 . C5 3 7 1 . 0 2 . 3 9 7 6 0 9 2 3 1 . 5 8
3 2 2 . 0 2 . 2 2 2 2 2 4 2 7 7 . 1 4 3 7 2 . 0 2 . 4 0 1 1 5 9 2 8 1 . 6 7
3 2 3 . 0 2 . 2 2 5 3 3 1 2 7 7 . 2 2  * 3 7 3 . 0 2 . 4 0 4 7 0 9 2 8 1 . 7 7
3 2 4 . 0 2 . 2 2 9 4 3 7 2 7 7 . 3 1 3 7 4 . 0 2 . 4 0 8 2 5 6 2 8 1 . 8 6
3 2 5 . 0 2 . 2 3 3 0 4 2 2 7 7 . 4 0 3 7 5 . 0 2 . 4 1 1 8 0 3 2 8 1 . 9 5
3 2 6 . 0 2 . 2  3 6 6 4 6 2 7 7 . 4 9 3 7 6 . 0 * 2 . 4 1 5 3 4 9 2 8 2 . 0 5
3 2 7 . 0 2 . 2 4 0 2 4 8 2 7 7 . 5 8 3 7 7 . 0 2 . 4 1 8 8 9 3 2 8 2 . 1 4
3 2 8 . 0 2 . 2 4 3 8 5 0 2 7 7 . 6 7 3 7 8 . 0 2 . 4 2 2 4 3 6 2 8 2 . 2 3
3 2 9 . 0 2 . 2 4 7 4 5 0 2 7 7 . 7 6 3 7 9 . 0 2 . 4 2 5 9 7 8 2 8 2 . 3 2
3 3 0 . 0 2 . 2 5 1 C 4 9 2 7 7 . 8 5 3 8 0 . 0 2 . 4 2 9 5 1 9 2 8 2 . 4 2
3 3 1 . 0 2 . 2 5 4 6 4 7 2 7 7 . 9 4 3 8 1 . 0 2 . 4 3 3 0 5 9 2 8 2 . 5 1
3 3 2 . 0 2 . 2 5 3 2 4 4 2 7 8 . 0 3 3 8 2 . 0 2 . 4 3 6 5 5 7 2 8 2 . 6 0
3 3 3 . 0 2 . 2 6 1 3 3 9 2 7 8 .  12 3 8 3 . 0 2 . 4 4 0 1 3 5 2 8 2 . 7 0
3 3 4 . 0 2 . 2 6 5 4 3 4 2 7 0 . 2 1 3 8 4 . 0 2 . 4 4 3 6 7 1 2 8 2 . 7 9
3 3 5 . 0 2 . 2 6 9 C 2 7 2 7 8 . 3 0 3 8 5 . 0 2 . 4 4 7 2 0 6 2 6 2 . 8 3
3 3 6 . C 2 . 2  7 2 6 1 9 2 7 8 . 3 9 3 8 6 . 0 2 . 4 5 0 7 4 0 2 0 2 . 9 8
3 3 7 . 0 2 . 2 7 6 2 1 0 2 7 8 . 4 8 3 8 7 . 0 2 . 4 5 4 2 7 2 2 3 3 . 0 7
3 3 8 . 0 2 . 2 7 9 3 9 C 2 7 8 . 5 7 3 0 8 . 0 2 . 4 5 7 8 0 4 2 8 3 . 1 6
3 3 9 . 0 2 . 2 8 3 3 8 8 2 7 3 . 6 6 3 8 9 . 0 2 . 4 6 1 3 3 4 2 8 3 . 2 0
3 4 0  . 0 2 . 2  8 6  9 7 6 2 7 0 . 7 5 3 9 0 . 0 2 • 4 6  4 6 6  3 2 8 3 . 3 5
3 4 1 * 0 2 . 2  y D 5c>2 2 7 8 . 8 4 3 9 1  . 0 2 . 4 6 8 3 9 1 2 b 3 • 4 5
34 2 . 3 ? . 2 Q4 1 4 7 . 2 7 8 . 9 3 3 9 2 . 0 2 . 4 7 1 9 1 8 2 6 3 . 5 4
3 4 3 . 0 2 . 2 9 7 7 3 1 2 7 9 . 0 2 3 5 3 . 0 2 . 4 7  5 4 4 4 2 6 3 . 6 3
3 4 4 . 0 2 . 3 0 1 3 1 4 2 7 9 . 1 1 3 9 4 . 0 2 . 4 7 8 9 6 8 2 0 3 . 7 3
3 4 5 . 0 2 . 3 0 4 8 9 5 2 7 9 . 2 0 3 9 5 . C 2 . 4 0 2 4 9 2 2 8 3 . 8 2
3 4 6  • 0 2 . 3 2 8 4 7 6 2 7 9 . 2 9 3 9 6 .  C 2 . 4 8 6 0 1 4 2 6 3 . 9 2
3 4 7 . 0 2 . 3 1 2 0 5 5 2 7 9 . 3 8 3 5 7 . 0 2 . 4 8 9 5 3 5 2 8 4 . 0 1
3 4 8 . 0 2 . 3 1 5 0 3 3 2 7 9 . 4 3 3 9 8 . 0 2 . 4 9 3 0 5 5 2 8 4 . 1 0
3 4 9 . 0 2 . 3 1 9 2 1 0 2 7 9 . 5  7 3 9 9 . 0 2 . 4 9 6 5 7 3 2 8 4 . 2 0
T-1889 54
8 1 o 7 - ? 5 - P  P L A T I N U M  R E S I S T A N C E  THERMOMETER 1 8 3 5 8 5 5  T . C .  1 M . A .
< I  PTS - . 6 0 )  OCTObER 1 9 7 5
T E M P .  R E S I S T A N C E  I N V ER SE  T E M P .  R E S I S T A N C E  I N V E R S E
OEG.  C R A T I O  D I F F .  C E G .  C R A T I O  D I F F .  •
4 0 0 . 0 2 . 5 C C C 9 1 2 8 4 . 2 9 4 5 0 . 0 2 . 6 7 4 4 7 0 2 8 9 . 1 2
4 0 1 . 0 2 . 5 0 3 6 0 7 2 8 4 . 3 9 4 5 1 . 0 2 . 6 7 7 9 2 7 2 8 9 . 2 2
4 0 2 . 0 2 . 5 0 7 1 2 2 2 8 4 . 4 8 4 5 2 . 0 2 . 6 8 1 3 8 4 2 8 9 . 3 2
4 0 3 . 0 2 . 5 1 0 6 3 6 2 8 4 . 5 3 4 5 3 . 0 2 . 6 8 4 8 3 9 2 8 9 . 4 2
4 0 4 . 0 2 . 5 1 4 1 4 9 2 8 4 . 6 7 4 54  • 0 2 . 6 8 8 2 9 3 2 8 9 . 5 2
4 0 5 . 0 2 . 5 1 7 6 6 1 2 8 4 . 7 7 4 5 5 . 0 2 . 6 5 1 7 4 6 2 8 9 . 6 2
4C6  . 0 2 . 5 2 1 1 7 1 2 8 4 . 8 6 4 5 o  • 0 2 . 6 5 5 1 5 8 2 6 9 . 7 1
4 0 7 . 0 2 . 5 2 4 6 8 1 2 8 4 . 9 6 4 5 7 . 0 2 . 6 9 8 6 4 0 2 8 9 . 8 1
4 0 8 . 0 2 . 5 2 8 1 8 9 2 3 5 . 0 5 4 5 8 . 0 2 . 7 0 2 0 9 7 2 8 9 . 9 1
4C 9 .  0 2 . 5 3 1 6 9 6 2 6 5 . 1 5 4 5 9 . 0 2 . 7 C 5 5 4 6 2 9 0 . 0 1
4 1 U .  0 2 . 5 3 5 2 0 1 2 8 5 . 2 4 4 6 0  . 0 2 . 7 C 8 9 9 2 2 9 0 . 1 1
4 1 1 . 0 2 . 5 3  3 7 C6 2 8 5 . 3 4 4 6 1 . 0 2 . 7 1 2 4 3 3 2 9 0 . 2 1
4 1 2 . 0 2 . 5 4 2 2 1 0 2 8 5 • 4 3 4 6 2 . 0 2 . 7 1 5 8 8 3 2 9 0 . 3 1
4 1 3 . 0 2 . 5 4 5 7 1 2 2 8 5 . 5 3 4 6 3 . 0 2 . 7 1 9 3 2 6 2 9 0 . 4 1
4 1 4 . 0 2 . 5 4 9 2 1 3 2 8 5 . 6 3 4 6 4 . 0 2 . 7 2 2 7 6 8 2 9 0 . 5 1
4 1 5 . 0 2 . 5 5 2 7 1 3 2 3 5 . 7 2 4 6 5  • 0 2 . 7 2 6 2 0 9 2 9 0 . 6 1
4 1 6  .0 2 . 5 5 6 2 1 2 2 3 5 . 3 2 4 6 6  . 0 2 . 7 2 9 6 4 9 2 9 0 . 7 1
4 1 7 . 0 2 . 5 5 5 7 C 5 2 8 5 . 9 1 4 6 7 . 0 2 . 7 3 3 0 6 8 2 9 0 . 8 1
4 1 8 . 0 2 . 5 6 3 2 0 6 2 3 6 . 0 1 4 6 8 . 0 2 . 7 3 6 5 2 5 2 9 0 . 9 1
4 1 9 . 0 2 . 5 6 6 7 C 1 2 8 6 . 1 0 4 6 9 . 0 2 . 7 3 9 9 6 2 2 9 1 . 0 1
4 2 0 . 0 2 . 5 7 0 1 9 5 2 6 6 . 2 0 4 7 0 . 0 2 . 7 4 3 3 9 7 2 9 1  . 11
4 2 1 . 0 2 . 5 7 3 6 8 8 2 8 6 . 3 0 4 7 1 . 0 2 . 7 4 6 8 3 1 2 9 1 . 2 1
4 2 2 . 0 2 . 5 7 7 1 7 9 2 3 6 . 3 9 4 7 2 . 0 2 . 7 5 0 2 6 4 2 9 1 . 3 1
4 2 3 . 0 - 2 . 5  8 0 6 7 C 2 8 6 . 4 9 4 7 3  . 0 2 . 7 5 3 6 9 5 2 9 1 . 4 1
4 2 4 . 0 2 . 5 8 4 1 5 9 2 8 6 . 5 9 4 7 4 . 0 2 . 7 5 7 1 2 5 2 9 1 . 5 1
4 2 5 . C 2 . 5 8 7 6 4 7 2 8 6 . 6 8 4 7 5 . 0 2 . 7 6 0 5 5 5 2 9 1 . 6 1
4 2 6 . 0 2 . 5 9 1 1 3 5 . 2 3 6 . 7 8 4 7 6 . 0 2 . 7 6 3 9 8 3 2 9 1 . 7 2
4 2 7 . 0 2 . 5 9 4 6 2 0 2 3 6 . 8 3 4 7 7 . 0 2 . 7 6 7 4 0 9 2 9 1 . 8 2
4 2 8 . 0 2 . 5 9 8 1 0 5 2 3 6 . 9 7 4 7 8 . 0 2 . 7 7 0 8 3 5 2 9 1 . 9 2
4 2 9 . 0 2 . 5 0 1 5 8 8 2 3 7 . 0 7 4  7 9 . 0 2 . 7 7 4 2 6 0 2 9 2 . 0 2
4 3 0  . 0 2 . 6 0 5 0 7 1 2 8 7 .  17 4 8 0 . 0 2 . 7 7 7 6 8 3 2 9 2 . 1 2
4 3 1 . 0 2 . 6 0 3 5 5 2 2 6 7 . 2 6 4 8 1 . 0 2 . 7 8 1 1 0 5 2 9 2 . 2 2
4 3 2 . 0 2 . 6 1 2 0 3 2 2 8 7 . 3 6 4 8 2 . 0 2 . 7 8 4 5 2 6 2 9 2 . 3 2
4 3 3 . 0 2 . 6 1 5 5 1 1 2 8 7 . 4 6 4 8 3 . 0 2 . 7 6 7 9 4 5 2 9 2 . 4 2
4 3 4 . 0 2 . 6 1 3 9 8 8 2 8 7 . 5 5 4 8 4 . 0 2 . 7 9 1 3 6 4 2 9 2 . 5 3
4 3 5 . 0 2 . 6 2 2 4 6 5 2 3 7 . 6 5 4 6 5 . 0 2 . 7 9 4 7 8 1 2 9 2 . 6 3
4  3 6  .  U 2 . 6 2 5 9 4 0 2 8 7 . 7 5 4 8 6 . 0 2 . 7 5 0 1 9 7 2 9 2 . 7 3
4 3 7 . 0 2 . 6 2 9 4 1 4 . 2 3 7 . 8 5 4 6 7 . 0 2 . 8 0 1 61 2 2 9 2 . 8 3
4 38#'"* 2 . 6 3 2 6 8 7 2 3 7 . 9 4 48 8 . 0 2 . 8 C 5 0 2 6 2 9 2 . 9 3
4 3 9 . 0 2 . 6 3 6 3 5 9 2 3 8 . 0 4 4 8 9 . 0 2 . 3 0 8 4 3 9 2 9 3 . 0 4
4 4 0  • 0 2 . 6 3 9 0 2 9 2 0 6 .  14 4 9 0 . 0 2 . 8 1 1 8 5 0 2 9 3 . 1 4
4 4 1 . 0 2 . 6 4  3 2 9 5 2 3 8 . 2 4 4 9 1 . 0 2 . 3 1 5 2 6 0 2 9 3 . 2 4
4 4 2 .  u 2 . 6 4 6  7o 7 2 6 8 . 3  3 4 9 2 . 0 2 . 8 1 8 6 0 9 2 5 3 . 3 4
4 3 • J 2 . 6 5 0 2 3 4 2 3 3 . 4 3 4 9 3 . 0 2 . 0 2 2 0 7 7 2 9 3 . 4 4
4 4 4 . 0 2 . 6  5 3 /CO 2 J 8 . 53 4 9 4 . 0 2 . 8 2 5 4 8 * * 2 9 3 . 5 5
' * 4 5 . 0 ?•6  5 7 1 6 4 2 3 8 . 6 3 4 9 5  • 0 2 . 3 2 8 8 8 9 2 9 3 . 6 5
4 4 6  . r 2 . 6 6  1628 2 3 0 . 7 3 4 9 6 . 0 2 . 8 3 2 2 9 3 2 9 3 . 7 5
4 4 7 . 0 2 . 6 6 4 0 9 0 2 8 6 . 8  3 4 9 7 . 0 2 . 0 3 5 6 9 6 2 9 3 . 6 0
4 4 3  . 0 2 . 6 6  ?S01 2 08 . 9 2 4 9 8 . 0 2 . 8 3 9 0 9 8 2 9 3 . 9 6
4 4 9 . 0 2 . 6 7 1 0 1 1 2 6 9 . C2 4 9 9 . 0 2 . 8 4 2 4 5 9 2 9 4 . 0 6
MOTim HAKES USRARY COLORADO SCHOOL of MINES
jOOU)ENa COLORADO 8Q40X
T-1889 55
8 1 6  7 —2 5 —P P L A T I N U M  R E S I S T A N C E  THERMOMETER 1 3 3 5 8 5 5  - T . C .  1 M . A .
C l P T S  -  6 6 )  OCTOBER 1 9 7 5
T E M P . R E S I S T A N C E ' I NVER SE
OEG.  C R A T I O D I F F .
5 C 0 . 0 2 . 8 4 5 8 9 8 2 9 4 . 1 6
5 0 1 . 0 2 . 3 4 9 2 9 7 2 9 4 . 2  7
5 0  2 . 0 2 . 6 5 2 6 9 4 2 9 4 . 3 7
5 0 3 . 0 2 . 6  5 6 C 9 9 2 9 4 . 4 7
5 0 4 . C 2 . 8 5 9 4 6 4 2 9 4 . 5 8
5 0 3 . 0 2 • c o 2  3 78 2 9 4 . 6 8
50  6 .  C 2 . S 6 6 2 7 C 2 9 4 . 7 9
5 0 7 . 0 2 . £ 6 9 6 6 1 2 9 4 . 8 9
5 0 8 . 0 2 . 6 7 3 0 5 1 2 9 4 . 9 9
5 0 9 . 0 2 . 8 7  o**4C 2 9 5 . 1 0
5 1 0 . 0 2 . 8 7 9 6 2 7 2 9 5 . 2 0
5 1 1 . 0 2 . 8 8 3 2 1 4 2 9 5 . 3 1
5 1 2 . 0 2 . £ £ 6 5 5 9 2 9 5 . 4 1
5 1 3 . 0 2 . 6 8 5 5 8 3 2 9 5 . 5 1
5 1 4 . 0 2 . 8 9 3 3 6 5 2 9 5 . 6 2
5 1 5 . 0 2 . 8 9 6 7 4 7 2 9 5 . 7 2
5 1 6 . 0 2 . 9 0 0 1 2 7 2 9 5 . 8 3
5 1 7 . 0 2 . 5 0 3  5 0 6 2 9 5 . 9 3
5 1 3 . 0 2 • 9 C o 8 8 4 2 9 6 . 0 4
5 1 9 . 0 2 . 9 1 0 2 6 1 2 9 6 . 1 4
5 2 0 . 0 2 . 9 1 3 6 3 7 2 9 6 . 2 5
5 2 1 . 0 2 . 9 1 7 C 1 1 2 9 6 . 3 5
5 2 2 . 0 2 . 9 2 0 3 6 4 2 9 o . 4 6
5 2 3 . 0 2 . 9 2 3 7 5 6 2*9 6 • 56
5 2 4 . 0 2 . 9 2 7 1 2 7 2 9 6 . 6 7
5 2 5 . 0 2 . 9 3 0 4 9 6 2 9 o . 7 7
5 2 6 . 0 2 . 9 3 3 3 6 5 2 9 6 . 8 8
5 2 7 . 0 2 . 9 3 7 2 3 2 2 9 6 . 9 9
5 2 8 . 0 2 . 9 4 0 5 5 8 2 5 7 . 0 9
5 2 9 . 0 2 . 9 4 3 9 6 3 2 9 7 . 2 0
5 3 0 . 0 2 . 9 4 7 3 2 6 2 5 7 . 3 0
5 3 1 . 0  . 2 • 9 5 C o 8 9 2 9 7 . 4 1
5 3 2 . 0 2 . 9 5  4 0 5 0 2 9 7 . 5 2
5 3 3 . 0 2 . 9 5 7 4 1 0 2 5 7 . 6 2
5 3 4 . 0 2 . 5 6 0 7 6 5 2 9 7 . 7 3
5 3 5 . 0 2 . 9 6 4 1 2 6 2 5 7 . 8 4
5 3 6 . 0 2 . 5 6 7 4 8 2 2 5 7 . 5 4
5 3 7 . 0 2 . 5 7 0 6 3 8 2 9 8 . 0 5
5 3 6 . 0 2 . 5 7 4 1 9 1 2 9 6 .  16
5 3 9 . 0 2 . S 7 7 5 4 4 2 9 6 . 2 6
5 4 0 . 0 2 . 9 8 0  396 2 9 8 . 3 7
6 4 1 . 0 2 . 5  8 4 2 4 6 2 9 6 . 4 8
5 4 2 . 0 2 . 5  6 7 5 9  5 2 9 6 . 5 9
5 4 3  . 0 2 . 9 9 C 9 4 3 2 5 6 . 6 9
6 4 4  • o 2 . 5 5  4 2 9 0 2 9 8 . 8 0
5 4 5 . 0 < . • 5 5 7  6 3 5 2 5 o • 9 1
5 4 6  • 0 3 .  j CC5 8 0 2 9 9 . C2
5 4 7 . 0 3 . 0 0 4 3 2 3 2 9 9 . 1 2
5 4 8 . 0 3 . C 0 7 f c 6 5 2 9 9 . 2 3
5 4 9 . 0 3 . 0 1 1 0 0 5 2 5 9 . 3 4
T E M P . R E S I S T A N C E I NVERSE
D E G.  C R A T I O D I F F .
5 5 0 . 0 3 . 0 1 4 3 4 5 2 9 9 . 4 5
5 5 1 . 0 3 . 0 1 7 o 8 3 2 9 9 . 5o
5 5 2 . 0 3 . 0 2 1 0 2 0 2 9 9 . 6 6
5 5 3 . 0 3 . 0 2 4 3 5 6 2 9 9 . 7 7
5 5 4 . 0 3 • 0 2 7 o 9 1 2 9 9 . 3 8
5 5 5 . 0 3 . 0 3 1 0 2 4 2 5 9 . 9 9 . .
5 5 6 . C 3 . 0 3 4 3 5 6 3 0 0 .  10
5 5 7 . 0 3 . 0 3 7 o 8 7 3 0 0 . 2 1
5 5 8 . 0 3 . 0 4 1 0 1 7 3 u 0 . 3 2
5 5 9 . 0 3 . 0 4 4 3 4 6 3 0 0 . 4 3
5 6 0 . 0 3 . 0 4 7 6 7 3 3 0 0 . 5 4
5 6 1  . 0 3 . 0 5 0 9 9 9 3 0 0 . 6 5
5 6 2 . 0 3 . 0 5 4 3 2 4 3 0 0 . 7 6
5 6 3 . 0 3 . 0 5 7 6 4 8 3 0 0 . 3 6
5 6 4 . C 3 . 0 6 0 9 7 1 3 0 0 . 9 7
5 6 5 . 0 3 . 0 6 4 2 9 2 3 0 1 . 0 8
5 6 6 . 0 3 . 0 6 7 6 1 2 3 0 1 . 1 9
5 6 7 . 0 3 . 0 7 0 9 3 1 3 0 1 . 3 0
5 6 3 . 0 3 . 0 7 4 2 4 9 3 0 1 . 4 1
5 6 9 . 0 3 . 0 7 . 7 5 6 5 3 0 1 . 5 2
5 7 0 . 0 3 . 0 6 0 3 3 0 3 0 1 . 6 4
5 7 1 . 0 3 . 0 6 4 1 9 4 3 0 1 . 7 5
5 7 2 . C 3 . 0 8 7 5 0 7 3 0 1 . 3 6
5 7 3 . 0 3 . 0 9 0 8 1 9 3 0 1 . 9 7
5 7 4 . 0 3 . 0 9 4 1 2 9 3 0 2 . 0 8
5 7 5 . 0 3 . 0 5 7 4 3 8 3 0 2 . 1 9
5 7 6 . C 3 . 1 0 0 7 4 6 3 0 2 . 3 0
5 7 7 . C 3 . 1 0 4 G 5 3 30  2 . 4 1
5 7 3 . 0 3 . 1 0 7 3 5 9 3 0 2 . 5 2
5 7 9 . C 3 . 1 1 0 6 6 3 3 0 2 . 6 3
5 8 0 . 0 3 . 1 1 3 9 6 6 3 0 2 . 7 5
5 8 1  . 0 3 . 1 1 7 2 6 8 3 0 2 . 8 6
5 8 2 . 0 3 . 1 2 0 5 6 9 3 0 2 . 9 7
5 8 3 . 0 3 . 1 2 3 8 6 3 3 0 3 . 0 8
5 6 4  . 0 3 . 1 2 7 1 6 6 3 0 3 . 1 9
5 8 5 . 0 3 . 1 3 0 4 6 3 3 C 3 . 3 0
5 8 6 . C 3 . 1 3 3 7 5 9 3 0  3 . 4 2
5 8 7 . 0 3 . 1 3 7 0 5 4 3 0 3 . 5 3
5 8 8 . 0 3 . 1 4 0 3 4 7 3 0 3 . 0 4
5 8 9 . 0 3 • 1 4 3 o  3 9 3 0 3 . 7 5
5 9 3 . 0 3 . 1 4 6 9 3 0 3 0  3 . 8  7
5 9 1  . 0 3 . 1 5 0 2 2 0 3 0 3 . 9 8
5 9 2 . 0 3 . 1 5 3 5 0 8 3 0 4 . 0 9
5 9 3 . C 3 . 1 5 6 7 5 5 30 -» . 2 1
5 9 4  . 0 3 . 1 to 0 C 6 2 3 ) 4 . 32
5 9 5 . 0 3 . 1 £ 3 3 6 6 3 0 4 . 4 3
5 9 6 .  C 3 . 1 6 6 6 5 0 3 0 4 . 5 5
5 5 7 . G 3 . l o 9 9 3 ? 3 0 4 . 6 6
5 9 3 . 0 3 . 1 7 3 2 1 3 3 0 4 . 7 /
5 9 9 . 0 3 . 1 7 6 4 5 3 3 0 4 . 8 9
■T-18.89
8 1 6 7 - 2 5 - t t  P L A T I N U M  R E S I S T A N C E  THERMOMETER 1 8 3 5 8 5 5
( I P T S  -  6 8 )  OCTOBER 1 9 7 5
T E M P . R E S I S T A N C E I N V ER SE
: e g .  c RAT 10 D I F F .
6 0 0 .  0 3 . 1 7 1 7 7 2 3 0 5 . 0 0
6  C 1 .  j 3 . 1 8 3 0 4 9 3 0 5 .  11
6 0 2 . 0 3 . 1 3 6 3 2 6 3 0 5 . 2 3
6 0 3 . 0 3 . I B S 6 0 1 3 0 5 . 3 4
6 0 4 . 0 3 .  1 9 2 8 7 4 3 0 5 . 4 6
6 0 5 . 0 3 . 1 9 6 1 4 7 3 0 5 . 5  7
6 0 6 . 0 3 . 1 9 9 4 1 8 3 0 5 . 6 9
6 0 7 . 0 3 . 2 0 2 6 6 8 - 3 0 5 . 8 0
6 0 3 . 0 3 . 2 0 5 9 5 7 3 0 5 . 9 2
6 C 9 . 0 3 . 2 C 9 2 2 5 3 0 6 . 0 3
6 1 0 . 0 3 . 2 1 2 4 9 1 3 0 6 . 1 5
6 1 1 . 0 3 . 2 1 5 7 5 7 3 0 6 . 2 6
6 1 2 . 0 3 . 2 1 9 0 2 1 3 0 6 . 3 8
6 1 3 . 0 3 . 2 2 2 2 8 3 3 0 6 . 4 9
6 1 4 . 0 3 . 2 2 5 5 4 5 3 0 6 . 6 1
6 1 5 . 0 3 . 2 2 8 8 0 5 3 0 6 . 7 2
6 1 6 . 0 3 . 2 3 2 0 6 4 3 0 6 . 3 4
6 1 7 . 0 3 . 2 3 5 3 2 2 3 0 6 . 9 5
6 1 8 . 0 3 . 2 3 8 5 7 9 3 0 7 . 0 7
6 1 9 . 0 3 . 2 4 1 8 3 4 3 0 7 .  19
6 2 0 . 0 3 . 2 4 5 0 8 8 3 0 7 . 3 0
6 2 1 . 0 3 . 2 4 8 3 4 1 3 0 7 . 4 2
6 2  2 . 0 3 . 2 5 1 5 9 3 3 0 7 . 5 4
6 2 3 . 0 3 . 2 5 4  84 3 3 0 7 . 6 5
6 2 4 . 0 3 . 2 5 8 C 9 2 3 0 7 . 7 7
6 2 5 . 0 3 . 2 6 1 3 4 0 3 0 7 . 8 9
6 2 6 . 0 3 . 2 6 4 5 6 7 3 0 6 . 0 0
6 2 7 . 0 3 . 2 6 7 8 3 2 3 0 8 . 1 2
6 2 8 . 0 3 . 2 7 1 0 7 7 3 0 8 . 2 4
6 2 9 . 0 3 . 2 7 4 3 2 0 3 0 8 . 3 5
6 3 0 . 0 3 . 2  7 7 5 6 1 3 9 6 . 4 7
6 3 1 . 0 3 . 2 8 0 8 0 2 3 0 8 . 5 9
6 3 2 . 0 3 . 2 8 4 0 4 1 3 0 3 . 7 1
6 3 3 . 0 3 . 2 1 7 2 7 9 3 C 8 . 83
6 3 4 . 0 3 . 2 9 0 5 1 6 3 0 8 . 9 4
6 3 5 . 0 2 . 2 9 3 7 5 2 3 C 9 . 0 6
6 3 6 . 0 3 . 2  9 6 9 8 6 3 3 9 .  18
6 3 7 . 0 3 . 3 0 0 2 1 9 3 0 9 . 3 o
6 3 6 . 0 3 . 3 0  3 4 5 1 3 0 9 . 4 2
6 3 9 . 0 3 • 3 0  co  82 3 0 9 . 5 4
6 4 0  • u 3 . 3 C 9 9 1 1 3 0 9 . 6 5
6 4 1 . 0 2 . 2 1 2 1 3 9 3 2 9 . 7 7
6 4  2 . 0 3 . 2  1 o 3 6 6 3 0 9 . 8 9
6 4 3 . 0 3 . 3  1 9 5 9 2 3 1 0 . 0 1
6 4 4  . 0 3 . 3 2 2 3 1 6 3 1 0 .  13
6 4 5 . 0 3 . 8 2 6 0 . 3 9 3 1 0 . 2 5
6 4 6 . U 3 .  3 2 9 2 6 1 3 1 0 . 3  7
6 4 7 . C 3 .  3 3 2 4 8 2 3 1 0 . 4 9
6 4 3 . 0 3 . 3 3  3 702 3 1 0 . 6 1
6 4  9 • 0 3 . 3 3 8 9 2 0 3 1 0 . 7 3
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CALIBRATION PROCEDURES
The procedure used to calibrate the platinum resis­
tance thermometer to be used in the system, is outlined 
below. The preheater bath is incorporated as a multi­
temperature bath used to set the value of the data point 
Suggested temperatures for the calibration points are 
room temperature, 3^0° F, and 700° F.
1) Insert the calibrated thermometer, used as a 
standard, into the middle hole in the shield 
above the preheater bath.
2) Insert the thermometers to be calibrated in the 
surrounding holes to the same depth, and angle 
them in so that they are in contact with the 
calibrated thermometer.
3) Connect the leads of the calibrated thermometer 
to one Fluke meter and the leads of the thermo­
meter to be calibrated to the other Fluke meter
*0 Set the bath temperature and read values for
both thermometers once they stabilize. (During 
the calibration of the thermometers a cycling 
effect was noticed in the temperatures. The 
median value was used for the calibration 
purposes.)





Thermometer, Sample Oil Inlet
Temperature 62.3687 208.912 385.572 561.622 711.607
Resistance 106.702 137.953 17^.602 210.210 239.240
ALPHA = .0038448 
DELTA = 1.541015 
RESISTANCE AT 32° F = 100.121838
Thermometer, Sample Oil Outlet
Temperature 62.3153 208.703 385.488 561.632 711.936
Resistance 106.559 137.674 174.287 210.675 239.015
ALPHA = .0038366 
DELTA .= 1.475683 
RESISTANCE AT 32° F = 100.014847
Thermometer, Freon Outlet
Temperature 62.3865 208.556 385.817 561.690 711.7068
Resistance 106.673 137.755 174.612 209.945 239.220
ALPHA = .0038455 
DELTA = 1.537737 
RESISTANCE AT 32° F = 100.090153
T-1889
CALCULATION PROCEDURES
The values of alpha, delta, and resistance at zero 
degrees centigrade are calculated using the equations 
in the Leeds and Northrup Report of Calibration. A 
computer program using successive substitution proved 
to be adequate in solving the equations.
Once alpha, delta, and resistance at zero degrees 
centigrade was determined, the values were then used to 
determine the resistances at temperatures between 32 
and 700° F at increments of 1° F.





The certification report of the Heise gauge7 is in­
cluded in this appendix as well as the calibration of 
the pressure transducers based on the Heise gauge readings.
A least-squares fit of the data was incorporated.
The use of a linear equation for the transducers is 
assured because of the calibration certification received 
for both transducers. They show the pressure and the 
output to be directly proportional.
6 0
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CERTIFICATION REPORT
of /
HEISE GAUGE No. ..AzA.±
This gaug* has been calibrated with a piston gauge which has been compared with master piston gauges whose effective areas were deter*
mined with an estimated accuracy of 3 parts in 100.000 by the National Bureau of Standards Identification No. P6744 and No. P6745. The
weights for thpse dead weight piston gauges have also been certified by the Bureau of Standards to hove an average accuracy of within
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CALIBRATION PROCEDURE
1) Adjust the back pressure regulator to a pressure 
of 2000 psig.
2) Start the main pump, keeping track of the pressure 
on the Heise gauge. When the pressure reaches
50 psig stop the main pump.
3) Pressurize the system using the bladder accu­
mulator.
4) Adjust the pressure with the nitrogen regulator 
for the bladder accumulator to obtain the 
desired pressure for a data point.
5) Record the input and output to the transducer 
and the Heise gauge reading. (The input should 
be as close to 10.0 volts D.C. as possible.)




The results of the calibration are displayed in 
graphs B1 and B2. A point of interest is the dependence 
of the inlet transducer's reading on the water flow rate. t
A change in flow rate changes the zero pressure output 
from the transducer. This is shown in graph Bl. The slope 
of the equation remains almost constant and the intercept 
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